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ABSTRACT
Because of increasing frequency of bear sightings, vehicle collisions, and nuisance incidents in
coastal South Carolina, the South Carolina Department of Natural Resources is developing a
comprehensive black bear management plan. However, no reliable estimates of population
abundance or density are available. I used genotypes of black bears determined from hair
samples collected in Lewis Ocean Bay and Carvers Bay to estimate population abundance and
density. I obtained hair samples from snares during 8 weekly sampling periods in 2008 and
2009. I used Huggins closed population models to estimate abundance and spatially explicit
capture- recapture models to estimate density. Based on model averaging, black bear abundance
was 30 (SE = 9.3) on Carvers Bay and 42 (SE = 5.4) on Lewis Ocean Bay. Model-averaged
density was 0.037 bears/km2 (SE = 0.003) for Carvers Bay. For Lewis Ocean Bay, population
densities were much higher: 0.307 bears/km2 (SE = 0.025). I extrapolated the density estimates
to the upper coastal region of South Carolina, using logistic regression to weight density based
on similarity of the regional landscape with the 2 study areas. Predicted bear densities were low
throughout the coastal region but several areas centered on more productive habitats (e.g.,
Carolina Bays, pocosin) and public lands (e.g., Francis Marion National Forest, Lewis Ocean
Bay) had high densities. I also sampled an area in North Carolina and assessed genetic structure
among the 3 areas. Based on heterozygosity, genetic distance, and genetic assignment, I found
no evidence of historic or recent barriers to gene exchange among the 3 sampled populations.
However, demographic connectivity may be a concern for areas such as Lewis Ocean Bay,
which is surrounded by highways and development. If the goal is to maintain current black bear
densities in those areas, maintaining connectivity with other habitat areas and mitigating impacts
of highways would be important. The regional map of potential black bear density may be
v

useful to identify areas that should be surveyed for occupancy or where additional studies may
be conducted (e.g., Francis Marion National Forest).
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I. INTRODUCTION
General Problem Statement
The American black bear (Ursus americanus) once inhabited all of South Carolina (Hall 1981),
but currently there are 2 disjunct populations. One population occurs in the mountainous,
northwestern portion of the state, whereas the other is located in the northern coastal region
(Pelton and van Manen 1994, Wooding et al. 1994). The exact time that the population became
allopatric is unknown, but overexploitation, habitat loss, and habitat fragmentation likely
contributed to the extirpation of bears in the central portion of the state. In the early 1900s,
cities, agriculture, canals, roads, and railway lines (William 1829) created divisions in forest
connectivity between coastal and mountainous regions of the state. Today, numerous interstates,
highways, and developments fragment bear habitat in the South Carolina Coastal Region. The
Myrtle Beach and Charleston metropolitan areas have a combined population >1 million people
and Myrtle Beach was the 13th fastest growing urban area in the United States in 2000 (U.S.
Census Bureau 2000). Dixon et al. (2007) found that habitat fragmentation and man-made
barriers restricted connectivity among Florida black bear (U. a. floridanus) populations, creating
8 disjunct and genetically distinct populations. Because of anthropogenic impacts, limited
connectivity may also exist among black bear populations in South Carolina’s coastal region.
Prime bear habitats in the coastal regions of Virginia, North Carolina, and South Carolina
are centered on pocosins and Carolina bays (Landers et al. 1979, Hellgren et al. 1991, Lombardo
1993, Brandenburg 1996, Jones 1996, Martorello 1998, Allen 1999, Telesco and van Manen
2006). Pocosin, an Algonquian Native-American word meaning “swamp on a hill”, is composed
of low brushy plants that form dense vegetation and produce abundant foods (e.g., berries) for
1

wildlife. Carolina bays are elliptical landform depressions with vegetation similar to pocosins.
They typically are poorly accessible because of high water levels or dense vegetative cover and
also provide substantial foods for wildlife. In South Carolina, 97% of Carolina Bays >0.8 ha
have been disturbed by human activities (Sharitz 2003) and most upland habitats in coastal South
Carolina have been converted to pine plantations. For decades, the coastal black bear population
has been limited to counties with large areas of Carolina bays and pocosin habitats, primarily
Georgetown, Horry, and Marion counties (Wooding et al. 1994, Harter 2001; Fig. 1). However,
since 2007, wildlife biologists from the South Carolina Department of Natural Resources
(SCDNR) have received numerous reports of bear sightings, including female bears with cubs, in
Berkeley and Florence Counties, possibly indicating range expansion (D. Ruth, SCDNR,
personal communication; Fig. 1). Additionally, the number of reported nuisance incidents and
bear-vehicle collisions has increased substantially throughout the state. Reported nuisance
complaints in South Carolina increased from <50 in 1998 to >400 in 2007 and reported bearvehicle collisions increased from <5 to >50 during that same period (SCDNR 2010). In 2007, 41
bear-vehicle collisions occurred in the coastal region (D. Ruth, SCDNR, personal
communication). Vehicle collisions, nuisance complaints, and sightings are currently used as an
index of changes in population size, but abundance and density of the coastal black bear
population have not been estimated through scientific study.
Justification
The SCDNR is developing a comprehensive black bear management plan for the coastal region.
Scientific information is crucial for wildlife managers to make decisions regarding hunting
seasons, issuance of agricultural depredation permits, and to determine if populations need
2

special protection. However, limited data are available. Harter (2001) completed the only major
study on black bears in coastal South Carolina and focused his research on home ranges,
movements, and morphological characteristics. His study was conducted on the Lewis Ocean
Bay Heritage Preserve (hereafter Lewis Ocean Bay), Carvers Bay, and surrounding private lands
(Figs. 2 and 3). Although Harter’s (2001) study was not designed to determine population
abundance or density, he speculated that population extinction could occur in Lewis Ocean Bay
within 15–20 years (Harter 2001:79). However, recent increases in the frequency of vehicle
collisions and nuisance reports seem to contradict these findings. Thus, reliable population
distribution and density information is fundamental for the development of a coastal black bear
management plan.
If range expansion and population increase have occurred in coastal South Carolina, it is
unclear if these are internal processes or if ingress of bears from the southern coastal areas of
North Carolina may play a role (e.g., Green Swamp area; Fig. 1). Thus, understanding gene flow
within and among populations also is a key component to the development of a comprehensive
bear management plan. Low genetic variation and genetic drift have been observed in small
isolated black bear populations in the southeastern Coastal Plain (Kasbohm and Bentzien 1998,
Edwards 2002, Csiki et al. 2003, Dixon et al. 2007), which could lead to reduced individual
fitness and affect demographics (Conner and Hartl 2004). A better understanding of genetic
similarity on a regional scale would provide important information regarding connectivity among
populations.
Large-scale ecological studies often are not feasible due to the time, funding, and labor
required to collect data. However, data collected from a few intensively studied, smaller areas
3

that are representative of the broader region may be used to estimate population distribution and
density (Settlage et al. 2008). In the last decade, the majority of bear encounters recorded by the
SCDNR in coastal South Carolina have occurred in Lewis Ocean Bay and Carvers Bay (D. Ruth,
SCDNR, personal communication; Fig. 1). These areas represent the 2 primary management
practices and landscapes typical of the South Carolina coastal region: (1) managed pine
plantations on private lands and (2) public lands with limited access, often containing remnant
wetland habitats such as Carolina bays and pocosin. The former is represented by the Carvers
Bay area and the latter by the Lewis Ocean Bay Heritage Preserve.
Objectives and Hypotheses
The objectives of my study were to:
(1) determine population abundance and density of black bears at Carvers Bay and
Lewis Ocean Bay,
(2) map potential density of black bears in the coastal plain of South Carolina,
(3) determine historic and recent genetic connectivity among black bear populations in
Carvers Bay, Lewis Ocean Bay, and Green Swamp.
My research hypotheses were:
(1) population abundance and density would be lower at Carvers Bay compared with
Lewis Ocean Bay because of differences in habitat quality and availability,
(2) areas with high potential black bear densities would primarily be located in areas
with Carolina bay and pocosin habitats (e.g., Lewis Ocean Bay, Francis Marion
National Forest),
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(3) genetic similarity among bears at Carvers Bay, Lewis Ocean Bay, and Green Swamp
would be low because of anthropogenic barriers between the 3 areas.

5

II. STUDY AREA
The South Carolina coastal plain had a humid subtropical climate with mild winters and humid
summers. The hottest month was July with an average high temperature of 33˚C and an average
low of 22˚C. The coolest month was January with an average high of 14˚C and an average low
of 1˚C (National Oceanic and Atmospheric Administration 2010). The wettest month was
August, which received an average of 172 mm of precipitation, whereas November was the
driest month, receiving an average of 70 mm of precipitation (National Oceanic and Atmospheric
Administration 2010). Elevations range from 0 m to 30 m.
The Carvers Bay study area was approximately 80 km² in size and was located in
northeastern Georgetown County, South Carolina (Fig. 2). The study area was managed by
Mead-Westvaco Forestry and White Oak Forestry Management. Carvers Bay primarily
consisted of managed plantations of slash pine (Pinus elliottii), loblolly pine (Pinus taeda), and
longleaf pine (Pinus palustris). Poison ivy (Toxicodendron radicans) and muscadine grape
(Vitis rotundifolia) were dominant in the understory. Mixed hardwood bottomlands occurred
where creeks and rivers were present and consisted of bald cypress (Taxodium distichum) and
water tupelo (Nyssa aquatica) in the flood plain and red maple (Acer rubrum) and swamp
chestnut oak (Quercus michauxii) on the drier edges. Paved state and county roads and unpaved
county and timber company roads occurred throughout the study area.
Approximately 40 km² in size, Lewis Ocean Bay was adjacent to the resort town of
Myrtle Beach in Horry County, South Carolina (Fig. 3). Carolina bays and pocosin habitats
dominated the area and consisted of pond pine (Pinus serotina), redbay (Persea borbonia), and
sweetbay (Magnolia virginiana). The understory was characterized by fetterbush (Lyonia
6

lucida), winterberry (Ilex verticillata), and coastal sweetpepperbush (Clethra alnifolia). Loblolly
and longleaf pine overstories were most prevalent in the uplands, whereas the understory
consisted of scrub oak, gallberry (Ilex coriacea), and blueberry (Vaccinium spp.). Lewis Ocean
Bay was managed by SCDNR as part of the Heritage Preserve program. Fire management and
restoration of longleaf pine were important management priorities for upland areas. Portions of
Lewis Ocean Bay were poorly accessible because of Carolina bays and pocosin habitat.
Unpaved roads and trails provided access to all other portions of the study area. In April 2008, a
wildfire swept across Lewis Ocean Bay and surrounding lands burning approximately 85% of
the area’s forest habitat. The fire was so intense that the majority of timber on the Heritage
Preserve could not be salvaged. However, recent fire management saved 800 ha of longleaf pine
habitat. The second year of sampling began <2 months after the fire occurred.
In addition to sampling Carvers Bay and Lewis Ocean Bay, I obtained samples from
other coastal areas in South Carolina and Green Swamp, North Carolina. In South Carolina,
these areas included the Little Pee Dee and Waccamaw River corridors from Carvers Bay and
Lewis Ocean Bay to the North Carolina border. The Little Pee Dee River begins in the Piedmont
Region of North Carolina and flows between Carvers Bay and Lewis Ocean Bay. The
Waccamaw River begins in the Coastal Region of North Carolina and is located 1 km west of
Lewis Ocean Bay. The Green Swamp study area was 56 km north of Lewis Ocean Bay (Fig. 1)
and contained the closest known black bear population in North Carolina. This area included the
Green Swamp Preserve (The Nature Conservancy), management timber lands, and private lands
in Brunswick County. The Green Swamp Preserve and surrounding areas were part of a network
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of approximately 400 km² of black bear sanctuary lands. The Green Swamp Preserve was 64
km² and was characterized by pocosin habitat, Carolina bays, and longleaf pine savannas.
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III. METHODS
General Approach
I used genotypes of black bears from hair samples collected at barbed-wire snares to identify
individual bears. Collection of DNA from hair samples can provide reliable data for population
estimation and genetic structure analysis (Woods et al. 1999, Mills et al. 2000). I constructed
capture histories of sampled bears using captures and recaptures of individuals during 8 weekly
sampling occasions in 2008 and again in 2009. I used those capture histories in capture-markrecapture (CMR) analyses to estimate black bear abundance and density for Carvers Bay and
Lewis Ocean Bay. I also used individual genotypes to determine population structure and
genetic relatedness on a regional scale and to quantify genetic diversity within each population
(Foran et al. 1997, Frankham et al. 2002, Dixon et al. 2006, Mills 2007).
DNA Sampling
To allow access to sampling sites by all bears and thus reduce capture heterogeneity, I based
sample-site density on home-range estimates following the recommendation that 4 detection
devices be placed per home range (Otis et al. 1978). Because high sample-site densities may be
needed to obtain adequate capture probabilities for black bears (Settlage et al. 2008), I used a
conservative estimate based on summer home ranges (i.e., period of sampling) of female bears.
Although Harter (2001) reported home ranges for the South Carolina coastal plain (30.4 km2 for
females; 80.1 km2 for males), he did not report summer home ranges. Based on studies in coastal
North Carolina, I used 5 km2 as a conservative estimate of home-range size (Allen 1999, Jones
and Pelton 2003). I created random Universal Transverse Mercator (UTM) coordinates with
ArcView® 3.2 GIS (ESRI, Redlands, California, USA) to locate 69 sites for hair snares (Fig. 2)
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on Carvers Bay and 40 (Fig. 3) on Lewis Ocean Bay. Site placement was restricted to locations
<250 m from roads and trails to allow efficient access.
At each site, field personnel stretched 2 15-gauge, 4-point barbed wires around 3–4
corner trees to create a 25-m enclosure (Woods et al. 1999). The bottom wire was placed
approximately 40 cm above the ground with a second wire 25 cm above it. A tampon scented
with artificial raspberry extract (Mother Murphy’s Laboratories, Greensboro, North Carolina,
USA) was used as an attractant, whereas 2 sweet rolls placed in a biodegradable bag
(BIOgroupUSA, Inc., Palm Harbor, Florida, USA) were used as bait. Sites were marked with
fluorescent tape as a human safety precaution. During 2008 and again in 2009, field personnel
checked hair snares during 8 weekly sampling occasions (every 6–7 days), collected all hair
samples with tweezers, and placed hair from each barb in individually labeled coin envelopes.
Remaining hair on barbs and tweezers were burned off to prevent contamination with future
samples. I stored samples in airtight bags containing desiccant (Drie-rite®, W.A. Hammond
Drierite Company Ltd., Xenia, Ohio, USA).
To detect and sample bears using the river corridors, I established 7 and 6 hair snares
along the Little Pee Dee River and the Waccamaw River, respectively, during summer 2008.
After 12 total weeks of sampling in 2008 and 2009, snares in the river corridors were removed
because of little success and the number of personnel hours needed to check these sites. To
maximize the number of bears sampled in Green Swamp in 2009, I placed hair snares in areas
with recent bear sign (e.g., trails, tree rubs, crop depredation) and moved snares when a sample
was collected. Because the Green Swamp samples were used for genetic structure analyses only,
I only selected 1 hair sample from each site for genotyping.
10

Microsatellite Analyses
Microsatellite Amplification.—Microsatellites are molecular markers that are frequently
used in studies focused on population estimation and genetics of bears (Woods et al. 1999, Waits
et al. 2000, Luikart et al. 2010). Microsatellites are polymorphic loci present in nuclear DNA
consisting of 1–5 base pairs (i.e., all alleles are distinguishable). Using small fragments of DNA
in the hair roots, microsatellites can be amplified using polymerase chain reaction (PCR).
Wildlife Genetics International (WGI, Nelson, British Columbia, Canada) conducted all the
microsatellite analysis for my study. When >1 sample was obtained from a site for a particular
week, WGI personnel randomly selected 1 sample. If the minimum requirements for the number
of hairs ( 1 guard hair or 5 underfur hairs) needed to produce a genotype was not met for a
sample, WGI personnel randomly selected another sample, when available, for that site and
sampling occasion.
Seven highly variable markers plus an amelogenin gender marker (Ennis and Gallagher
1994) were used to obtain capture histories of individual bears for abundance and density
estimation (G10L, G10M, G10P, G10B [Paetkau et al. 1995]; MU23, MU50, MU59 [Taberlet at
al. 1997]). For a subset of randomly selected samples from Lewis Ocean Bay, Carvers Bay, and
Green Swamp, an additional 14 markers (i.e., 21 markers total) were used for genetic structure
analyses (G1A, G1D, G10U, G10X, G10C [Paetkau et al. 1995]; G10H, G10J [Paetkau et al.
1998]; MSUT2, MSUT6 [Kitahara et al. 2000]; REN145P07, REN144A06, CPH9, CXX110,
CXX20 [D. Paetkau, WGI, personal communication]).
Hardy-Weinberg Equilibrium and Linkage Disequilibrium.—For genetic analyses to
provide reliable information, the assumptions of Hardy-Weinberg equilibrium and linkage
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equilibrium must be met (Conner and Hartl 2004). A population is in Hardy-Weinberg
equilibrium when allele and genotype frequencies remain the same with random mating. I tested
for Hardy-Weinberg equilibrium by comparing the statistical difference between observed
heterozygosity (Ho) and expected heterozygosity (He). This law holds true under the assumption
that there is no selection, mutation, or migration.
Linkage disequilibrium is the non-random association of alleles at >1 locus. The loci used
in the genetic analyses have been verified as independent (D. Paetkau, WGI, personal
communication). Thus, if linkage disequilibrium is found to be present in the data, it may be an
indicator of non-random mating, genetic drift, sampling effects (Hill and Robertson 1968), small
sample size (Slate and Pemberton 2007), or closeness of loci on the chromosome (Conner and
Hartl 2004). I tested the 7-marker and 21-marker sets for Hardy-Weinberg equilibrium and
linkage disequilibrium in Program ARLEQUIN using the Dunn-Sidak method (Sokal and Rohlf
1995) to control the experiment wise error rate at
comparisons were based on

= 0.05; critical values for individual

= 1 - (1 - 0.05)1/k, where k is the number of individual

comparisons.
Probability of Identity.—Paetkau and Strobeck (1994) developed the probability of
identity (PI) to quantify the reliability of genetic markers. PI is the likelihood of 2 individuals
having the same genotype given an equal allele frequency distribution across individual loci
(linkage equilibrium). The PI statistic for a single locus is calculated as:

i

i
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(2 p p ) ,
2

pi4 +

PIsingle locus =

j >i

i

j

where pi and pj are the frequencies of the ith and jth alleles, assuming the genotypes are in
Hardy-Weinberg equilibrium. For multiple loci, the overall PI is the product of the PI of each
locus (Taberlet and Luikart 1999):
PIoverall =

(PIsingle locus).

Linkage equilibrium and Hardy-Weinberg equilibrium are prerequisites for computing the
PIoverall and PIsingle statistics. If these assumptions are violated, the population estimates will be
biased low (Mills et al. 2000), particularly in small populations with closely-related individuals.
In black bear populations, where matrilines exist, the probability of collecting hair samples from
closely related individuals is not random. Therefore, Taberlet and Luikart (1999) developed a PI
statistic to compute the probability that an individual has the same genotype as its sibling (PIsibs).
PIsibs provides the upper limit for both PIs and for the number of loci needed to differentiate
between individuals in a given population. PIsibs is calculated for randomly selected siblings as
(Waits et al. 2001):
PIsibs = 0.25+ (0.5 pi2) +[0.5(

pi2)2] − (0.25 pi4) .

I used Program GeneALEx 6.1 (Peakall and Smouse 2006) to calculate PI statistics for the 7locus set used to identify individuals.
Genotyping Error.—There are 2 types of genotyping errors that can occur during PCR
amplification. Allelic dropout, where 1 allele is not amplified for a heterozygous individual, and
false alleles result in genotypes that would be classified as new individuals within the population.
These errors can lead to underestimates of recapture rates and inflated abundance estimates
(Mills et al. 2000, McKelvey and Schwartz 2004). When 2 or more individual share the same
genotype based on the examined loci, the identification error is known as the shadow effect.
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This error can occur if too few loci or loci with low heterozygosity are used to differentiate
individuals. Capture probabilities and population abundance would be underestimated in this
case. WGI uses rigorous laboratory protocol and error-checking measures so that the assumption
of correctly identified individuals is not violated. First, 7 most variable loci (G10L, G10M,
G10P, G10B [Paetkau et al. 1995]; MU23, MU50, MU59 [Taberlet at al. 1997]) were used.
Samples that failed to amplify at >3 loci were eliminated, whereas samples that failed to amplify
at 1–3 loci were re-analyzed until a complete 7-loci genotype was produced. Samples with
matching genotypes were assigned a unique bear identification code and were considered
separate captures of the same individual. Samples that mismatched at 1 or 2 alleles (1MM pairs
or 2MM pairs) were examined for evidence of human error (e.g., mislabeled centrifuge tubes or
loading samples out of sequence), presence of false alleles, or allelic dropout. The specific loci
that caused the mismatch were reamplified and resequenced to determine a consensus genotype
based on matching amplifications. Samples with multilocus genotypes that matched after
correction of a false 1MM or 2MM were then assigned the same bear identification. If the
resulting amplifications failed to match, those samples were considered to represent different
individuals. Detailed laboratory protocols used in microsatellite amplification of DNA from hair
samples are described in Paetkau (2003, 2004).
Population Analyses
Population Abundance.—Population abundance ( N̂ ) estimates often are fundamental to
many wildlife management decisions and are typically determined using some form of the CMR
method. This method is based on capturing an individual, marking it, releasing it, and
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recapturing a proportion of the marked animals. The simplified statistic to estimate abundance

N̂ is:
n
,
=
N̂
p

where n is the number of individuals marked over a specific time period and p is the probability
of an encounter over that same period. Before the development of genetic sampling techniques,
bears were physically captured and marked with ear tags and lip tattoos. Microsatellite markers
now allow tagging of animals without the risk of injuries or the potential biases associated with
live captures (Paetkau and Strobeck 1998, Woods et al. 1999).
Because I collected data over a short time period (8 weekly sampling occasions), I used
closed population models to estimate population abundance for each year. Closed population
models are based on the assumptions that (Otis et al. 1978):
(1) animals do not lose their marks during the study,
(2) all marks are recognized and recorded correctly for each sampling occasion,
(3) all animals within the population have an equal opportunity of being captured during
each sampling occasion, and
(4) the population is closed.
Animals cannot lose their genetic tag and strict laboratory protocols make misidentification
unlikely (Paetkau 2003, 2004). The assumption of equal capture probability often is difficult to
satisfy, but models have been designed to address 3 sources of variation in capture probabilities:
(1) time variation; (2) behavioral response; and (3) individual heterogeneity (Otis et al. 1978,
Chao 1987, Huggins 1989, Pledger 2000). Time variation addresses changes in capture
probability over the duration of the collection period. Behavioral response accounts for changes
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in capture probabilities because animals become conditioned after the initial capture event. For
example, capture probabilities may increase because of the use of bait at sample sites. Individual
heterogeneity often is the primary source of unequal capture probabilities in black bear studies
(Woods et al. 1999, Tredick et al. 2007, Settlage et al. 2008). Individual heterogeneity can
occur, for example, because of differences in spatial use due to sex, age, social dominance,
home-range orientation relative to the sampling grid, or physical size (Otis et al. 1978, Boulanger
et al. 2004, Efford 2004). Models can also incorporate multiple variations in capture
probabilities (e.g., time and heterogeneity effects).
Pledger (2000) developed likelihood-based estimators that model heterogeneity as
coming from a specified number of different capture probability distributions (e.g., 2-, 3-,…, nmixture distributions). For a 2-mixture model, 3 parameters are estimated: the mean capture
probability of the first mixture (pA), the mean capture probability of the second mixture (pB), the
probability an animal comes from the first mixture (πA). The probability of an animal coming
from the second mixture (πB) is calculated as 1-πA. I used mixture models to account for
unidentifiable sources of heterogeneity in capture data. Huggins’ (1989, 1991) models
incorporate Pledger’s (2000) heterogeneity estimators while allowing the use of individual
covariates. Therefore, I used Huggins full closed population models (Huggins 1989, 1991) with
heterogeneity in Program MARK (White and Burnham 1999) to estimate population abundance.
The population abundance estimate is based on the initial capture probabilities and conditions on
the animal being captured at least once during sampling.
I developed a priori models based on black bear biology and study area conditions. I
conducted 4 separate population analyses (1) 2008 Carvers Bay, (2) 2009 Carvers Bay, (3) 2008
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Lewis Ocean Bay, and (4) 2009 Lewis Ocean Bay, and used sex as a group variable. Because
unidentified sources of heterogeneity likely were present in my data, I constructed models with 2
mixtures for each sex (i.e., 2 mixtures for males and 2 mixtures for females), 2 mixtures for a
single sex (i.e., 2 mixtures for males only or 2 mixtures for females only), no mixtures, and
different combinations of sex and behavioral effects. I considered single-sex mixtures because
sample sizes for males and females differed for the Carvers Bay 2008, Lewis Ocean Bay 2008,
and Lewis Ocean Bay 2009 datasets, possibly allowing identification of mixtures for one sex but
not the other.
I considered sex-specific capture probabilities because of larger home ranges of males
(80.1 km²) compared with females (30.4 km²; Harter 2001) and area-specific capture
probabilities because of habitat differences between the 2 study areas. I used bait at the sample
sites so a positive trap response may occur. Therefore, I constructed models in which the
probability of capture (p) and the probability of recapture (c) were different (i.e., p

c), additive

(p + c), or the same (i.e., p = c; no behavioral effect), to examine various behavioral responses.
The p

c model allows the capture probabilities to differ over the entire sampling period,

whereas the p + c model allows the probability of recapture to be different than the probability of
capture by a constant over the entire sampling period. I also considered models in which capture
probabilities varied by sampling occasion or as a function of time trends. Finally, for the 2009
models, I considered an individual covariate based on an individuals’ capture history from the
previous year of sampling (2008) to account for additional heterogeneity (Williams et al.
2002:552). This variable can account for the propensity of some animals in the population to be
captured more frequently, or less frequently, than other animals. When an animal was sampled
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in 2009 but not in 2008, I calculated that individual’s covariate as the average capture history of
the group it belonged to (e.g., 2008 Carvers Bay males). When statistically unrealistic capture
probabilities and standard errors (i.e., capture probabilities and standard errors approximately 0
or 1) occurred for an a priori model, I discarded that model and excluded it from model
averaging (Conn et al. 2006). For example, low number of captures and recaptures in the
Carvers Bay 2008 dataset caused unrealistic estimates for complex behavioral models or models
that included time effects.
I used the Akaike Information Criterion with a 2nd-order correction for small sample sizes
(AICc; Burnham and Anderson 2002) to determine which models had the most support. The
model with the lowest AICc provided the best fit with the fewest parameters and thus is
considered the most parsimonious (Cooch and White 2001). When the difference in AICc
between 2 models ( AICc) is <2, both models are equally supported (Cooch and White 2001).
Stanley and Burnham (1998) found that selecting a single top model often resulted in biased
parameter estimates so I model-averaged parameter estimates of all models. I obtained modelaveraged population estimates for males and females during 2008 and 2009 and for each study
area. I calculated a pooled abundance estimate for Carvers Bay and Lewis Ocean Bay by first
averaging the estimates across years by sex. I calculated the standard error for the male and
female averages as (Powell 2007):
SE ( µ ) =

(1 / n

2

× SE

( 2008

)+ (1 / n

)

2

× SE

( 2009

)

)

,

where n is the number of values being averaged. I then added the average estimates of males and
females and calculated the SE of that estimate as:
SE ( m + f ) =

( SE

( male
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) 2 + ( SE
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)
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I calculated confidence intervals for the model-averaged abundance and pooled estimates based
on the assumption that the estimates followed a log-normal distribution (White et al. 2001).
The final assumption of population closure has 2 components: demographic and
geographic closure. Demographic closure exists when there are no losses (deaths or emigration)
from and no recruitment (births or immigration) into the population. To reduce the demographic
closure violations, I collected all data during a short period (8 weeks) from June–August when
no births occur (Pelton 2003) and survival is high (e.g., few mortalities due to vehicle collisions).
I tested for violations of the demographic closure assumption using the time-varying capture
probability test in Program CloseTest (Stanley and Burnham 1999). A population is
geographically closed when all home ranges of animals are contained within the sampling grid.
The Carvers Bay and Lewis Ocean Bay study areas had adjacent bear habitat and likely were not
geographically closed systems.
Population Density.—Estimates of population density often are more relevant than
abundance estimates when management of a population is warranted (Caughley and Sinclair
1994). Therefore, I calculated black bear densities for Carvers Bay and Lewis Ocean Bay. The
conventional estimate for population density ( D̂ ) is:
Nˆ
Dˆ = ,
A

where the estimate of population ( N̂ ) is divided by the size of the area being sampled (A). To
better delineate the effective sampling area, Dice (1938) suggested adding a buffer area to the
sampling grid based on a distance equivalent to the radius of an average home range of the
species of interest. However, only telemetry data from individuals within the study area at the
time of CMR sampling are relevant to determine the effective sampling area (Obbard et al.
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2010), which were not available for my study. Additionally, although numerous techniques have
used trapping data to estimate the effective sampling area (Hansson 1969, Otis et al. 1978, Jett
and Nichols 1987), these estimates can be biased due to truncation of the data at the edge of the
sampling grid, unevenly distributed populations, or low population densities (Wilson and
Anderson 1985, Efford et al. 2004).
Efford et al.’s (2004) spatially explicit capture-recapture (SECR) method is based on a
combination of spatial capture-recapture data (Brown 1982, Pledger and Efford 1998) and
distance sampling (Burnham et al 1980, Hayes and Buckland 1983) to estimate population
density. The SECR method avoids the difficulties associated with the conventional method of
estimating density because detection of an individual is recorded by multiple proximity detectors
(e.g., hair snares) over multiple sampling occasions and, unlike CMR methods, also within the
same sampling occasion. I used the maximum likelihood version of the SECR method to
estimate the density of black bears at Carvers Bay and Lewis Ocean Bay. The maximum
likelihood-based model is composed of 2 submodels for (1) the distribution of individuals
exposed to the sampling grid and (2) the detection process (Efford et al. 2004, Borchers and
Efford 2008). I chose a Poisson distribution for individuals exposed to the sampling grid
because sample sites were randomly located within small study areas, which I then used to
estimate density over larger areas (Borchers and Efford 2008). The Poisson distribution assumes
that animals are randomly distributed across the landscape and their distribution does not end
abruptly on all sides of the sampling area (e.g., an island). Areas without bear habitat existed
within close proximity to Carvers Bay and bordered much of Lewis Ocean Bay, including roads,
development, agriculture, and large water bodies (i.e., ocean, rivers, bays). Density estimates
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would be biased low if those non-habitat areas were included in the spatial distribution model.
Therefore, I constrained the distribution of individuals by creating a habitat mask (pine, Carolina
bay, pocosin, seepage swamp) for both study areas (Fig. 4). Buffer widths for both study areas
were calculated by increasing the highest root pooled spatial variance (RPSV) of the 8 dataset
combinations of year, study area, and sex by 400% (Efford et al. 2004). The highest RPSV for
Carvers Bay was for males during 2008 (4,550 m), resulting in a buffer width of 18.2 km. Given
that analyses are insensitive to a buffer width larger than a 4-fold RPSV, I rounded this width to
20 km (Borchers and Efford 2008; Fig. 4). The highest RSPV for Lewis Ocean Bay was for
males in 2009 (2,256 m) resulting in a 9.0 km buffer, which I rounded to 10 km (Fig. 4).
The detection submodel estimates the probability of detecting an individual, given the
location of its home range relative to the sampling grid. I considered the half-normal and hazard
detection functions. Both detection functions use independent parameters for the overall
probability of detection (g0) and for spatial scale ( ), whereas the hazard function also
incorporates a shape parameter (b). Additional types of variation in the detection process (e.g.,
time variation, behavioral response, individual heterogeneity) can be modeled similar to closed
population models. To address heterogeneity between sexes, I separately estimated density of
males and females. Some animals were captured in both years but others were not so I separated
analyses by year as well. I developed a set of a priori models to estimate sex-specific g0 and
for both detection functions as a function of behavior and a linear or non-linear time trend. The
non-linear time trend was based on the notion that capture probabilities may increase during the
first sampling occasions but subsequently stabilize. However, models with non-linear time
trends were not estimable so I excluded them from the a priori model set. I attempted to account
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for individual heterogeneity. However, these models were not estimable either and I excluded
them from the a priori model set. I used AICc for model selection and used model averaging to
estimate the density of females and males for each year and each study area.
Regional Population Density.—To develop a strategic-level planning tool for grizzly
bear management in southeastern British Columbia, Canada, Apps et al. (2004) estimated bear
density by combining existing density estimates with detection probabilities based on a logistic
regression analysis. They used habitat and anthropogenic variables associated with occupancy
data (presence, absence) gathered at hair snares to develop the logistic regression model. An
independent set of telemetry data was used to test the model. Assuming a linear relationship,
spatial predictions of bear detection probabilities were converted to density estimates. I used a
similar approach to estimate the potential density of black bears in coastal South Carolina.
However, I extrapolated density based on habitat differences between 2 study areas and bear
density associated with each area. Black bear distribution and density depends on food
availability, cover, and refuge from human disturbance (Pelton 2003). Lewis Ocean Bay and
Carvers Bay were representative of Carolina bay-pocosin and upland pine habitats, respectively,
representing the 2 primary landscapes occupied by black bears in coastal South Carolina
(Southeastern Gap Analysis; U.S. Geological Survey [USGS] 2008). Extrapolation of
population density involved 3 steps: (1) identify differences in bear habitat between the 2 study
areas, (2) map relative probability of similarity of habitat conditions with Carvers Bay and Lewis
Ocean Bay for the coastal region, and (3) calculate density, weighted based on relative habitat
similarity, using the density estimates of the 2 study areas.
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For the first step, I developed a logistic regression model with study area (Carvers Bay or
Lewis Ocean Bay) as the binomial, dependent variable. I used 4 independent variables to
characterize habitat conditions of sample sites visited by black bears (56 hair snares on Carvers
Bay during 2008 and 2009 and 37 hair snares on Lewis Ocean Bay in 2008). I did not use bear
detections on Lewis Ocean Bay during 2009 because of habitat changes after the wildfire. Thus,
the objective of the logistic regression analysis was to determine habitat differences between the
2 study areas and to use that information to map the relative probability of habitat conditions
being similar to Lewis Ocean Bay vs. Carvers Bay.
I overlaid locations of hair snares with bear detections to determine values of 4 habitat
variables: (1) percent pine habitat, (2) percent pocosin habitat, (3) minor road density, and (4)
largest patch index. I did not consider flooded hardwood swamps because this habitat type was
uncommon in both study areas. Pine habitat was the dominant land cover across coastal South
Carolina (29%) followed by flooded hardwood swamps (20%). Using land-cover data from the
Southeastern Gap Analysis Project (USGS 2008; 30-m pixel resolution), I combined all pine
land-cover classes (Appendix C), which represented 61% of Carvers Bay and 33% at Lewis
Ocean Bay. I used a moving window analysis in ArcMap™ 9.3 GIS to calculate percent pine at 2
scales: 300-m radius (0.3 km2) and 1,200-m radius (4.5 km2). I chose different measurement
scales because habitat selection occurs at different scales (Johnson 1980, Thomas and Taylor
1990). The 2 scales were based on hourly movement rates during summer reported for bears in
similar habitat areas (Martorello 1998, Kindall 2004) and the lowest mean recapture distance
( d ), represented by female black bears on Lewis Ocean Bay during 2008. I measured pocosin
(Carolina bays, seepage swamp, pocosin land-cover classes; Appendix C) because it represented
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important bear habitat in the Atlantic Coastal Region (Landers et al. 1979, Hellgren et al. 1991,
Telesco and van Manen 2006). To calculate percent pocosin, I again used a moving window
analysis but only at the 0.3-km2 scale. I did not calculate this variable at the larger measurement
scale because availability of pocosin habitat is limited within the region: pocosin was the
dominant landcover at Lewis Ocean Bay (58%) but was limited in Carvers Bay (5%) and coastal
South Carolina (3%). I considered minor roads (paved roads excluding interstate and U.S. or
state highways) because black bear distribution tends to be associated with road density
(Martorello 2004). I used TIGER/line® data (ESRI, U.S. 2000 Census) to calculate density of
minor roads based on the 0.3-km2 and 4.5-km2 measurement scales (Spatial Analyst Tool in
ArcMap 9.3). I did not consider major roads (i.e., interstate, U.S., and some state highways)
because this variable could be biased unless it is measured across large areas (i.e., no variation
among sample sites within study area). Finally, I combined all forest land-cover classes (pine,
flooded hardwood swamp, and Carolina bay/pocosin/seepage swamp; Appendix C) to calculate
the largest patch index in FragStats 3.3 (McGarigal et al. 2002). Largest patch index (LPI) is an
indicator of forest fragmentation. The index is a measure of the percentage of forest contained in
the largest forest patch within the moving window (i.e., area of largest forest patch/window
area). Values of LPI range from 0 to 100. I calculated this variable for the 4.5-km2 scale only
because this variable was intended to delineate large-scale difference between the 2 study areas.
I tested and compared logistic regression models with different combinations of the 4
habitat variables and 2 spatial scales using AIC (SAS 9.2; SAS Institute 2007). For each
variable, I only included 1 of the 2 spatial scales in the same model. I examined model fit based
on the Hosmer-Lemeshow goodness-of-fit test (Hosmer and Lemeshow 1989) and determined
24

significance of the parameters estimates. I assessed explanatory power of the model using the
maximum-rescaled R². I tested model discrimination using the area under curve (AUC) or c
statistic (Norusis 1999) based on the relative operating characteristic curve (Pearce and Ferrier
2000).
In the second step, I used raster calculator in ArcMap™ 9.3 GIS to apply the logistic
regression equation to the coastal region. I restricted my density extrapolation to the coastal area
located north of Interstate Highway 26 (I-26) and east of I-95 (Fig. 1) because it contained the
majority of bear sightings and because females with cubs have been reported in most counties in
this area (D. Ruth, SCDNR, personal communication). The target area included the counties of
Berkeley, Charleston, Florence, Georgetown, Horry, Marion, and Williamsburg, and small
portions of Claredon, Dillon, Dorchester, Orangeburg, and Sumter counties (Fig. 1). For each
pixel I calculated the predicted probability that habitat conditions were similar to Lewis Ocean
Bay vs. Carvers Bay. To avoid making predictions outside the inference space of the 2
landscapes I sampled, I excluded areas with a forest percentage lower than the minimum
observed in Carvers Bay and Lewis Ocean Bay ( 63%). To do so, I calculated percent forest
using a moving window with a radius of 3.1 km² (equal to annual female home range [30.4 km²];
Harter 2001) and excluded areas with <63% forest. I further restricted density extrapolations to
land-cover types sampled within the 2 study areas (i.e., pine, Carolina bays, pocosin, seepage
swamp).
In the third and final step, I used the predicted probabilities associated with each GIS
pixel as a weight for density estimation. For example, a predicted probability of 0.83 (habitat
conditions mostly similar to Lewis Ocean Bay) would give a weight of 0.83 to the density
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estimate of Lewis Ocean Bay and a weight of 0.17 to the density estimate of Carvers Bay (i.e.,
density = 0.83 x D̂ (Lewis Ocean Bay) + 0.17 x D̂ (Carvers Bay)). Weighting of density was based on the
average densities for 2008 and 2009 for Carvers Bay and, to reduce bias due to the fire in 2009,
the 2008 estimate for Lewis Ocean Bay. For both study areas, density was based on the
combined estimates of females and males.
Genetic Analyses
Heterozygosity.—To determine if genetic connectivity existed between bears from a
nearby population in North Carolina and bears in the study areas in South Carolina, I assessed
genetic isolation and structure. Heterozygosity is a measure of allelic variation across all loci
divided by the number of sampled loci, averaged across all individuals of a given population
(DeYoung and Honeycutt 2005). Low heterozygosity can be an indicator of genetic isolation
and inbreeding. It is important to note that genetic differences based on heterozygosity would be
an indicator of structuring over tens of generations and thus reflect historic connectivity (several
hundred years; Conner and Hartl 2004). I used Program ARLEQUIN (Piry et al. 2004) to
calculate average heterozygosity of bears sampled in each study area.
Genetic Distance.—Microsatellite markers are useful to quantify the genetic relatedness
of individuals (Takezaki and Nei 1996, Paetkau and Strobeck 1998), which is important to
determine the genetic structure among populations (King et al. 2001). I used 3 types of genetic
distance measures: genetic variation at 2 hierarchical levels of population structure (FIS and FST),
and pairwise FST. Like heterozygosity, these 3 genetic distance measures are only indicators of
historical population structure over tens of generations (Conner and Hartl 2004).
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I used Program ARLEQUIN to estimate genetic variation at 2 hierarchical levels of
population structure: within subpopulations (FIS) and among all 3 subpopulations (FST; Wright
1951). FIS and FST are calculated using molecular analysis of variance [AMOVA], which is
based on the differences among all molecular markers and the mutational differences among
genes for each genotype (Excoffier et al. 1992). FIS measures the deviation from HardyWeinberg Equilibrium. It is negative when there are more than expected heterozygotes and
positive if there are fewer than expected heterozygotes and can range from -1 to 1. FIS is
calculated as:

F
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H

,

S

where HS represents expected heterozygosity of the subpopulation and HI represents the observed
frequency of heterozygous genotypes in the subpopulation, and the bar over H denotes the
average (Wright 1951, Hartl and Clark 1997). FST is calculated as:
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where HT represents heterozygosity of the overall population. FST values are positive ranging
from 0 to 1. An FST < 0.05 indicates little differentiation among populations, whereas an FST
between 0.05 and 0.15 indicates moderate differentiation (Conner and Hartl 2004). Based on the
assumption that there is no genetic difference among the 3 populations, I produced a null
distribution of FIS and FST values. The P-value for each FIS and FST is the probability, based on
the null distribution, of obtaining an FIS or FST larger or equal than the one observed. I tested the
significance of the F-statistics based on 100,000 permutations.
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The third distance measure I computed was a pairwise FST statistic based on genetic
distances between pairs of the 3 populations (Carvers Bay, Lewis Ocean Bay, and Green
Swamp). Unlike the FST used in the AMOVA, which measures the overall genetic distance
among the 3 populations, I used the pairwise FST to understand the genetic relation between each
pair of populations. Based on the assumption that there is no genetic difference between 2
populations, I produced a null distribution of pairwise FST values. The P-value for each FST is
the probability, based on the null distribution, of obtaining an FST larger or equal than the one
observed. As with the previous FST, I determined significance of the pairwise FST based on
100,000 permutations.
Genetic Assignment.—Multilocus genotype methods, which use gametic disequilibrium
information, can be used to estimate genetic processes that occurred over short periods (2–3
generations), such as assignment of individuals to populations, identification of immigrants, and
identification of immigrants source populations (Paetkau et al 1995, 2004; Rannala and
Mountain 1997; Pritchard et al. 2000; Piry et al. 2004).
I performed genetic assignment tests to identify migrants from Green Swamp in the study
areas in South Carolina. I calculated the probability of genetic assignment of sampled genotypes
to the sampling areas using Program STRUCTURE (Pritchard et al. 2000). Within Program
STRUCTURE, I chose the admixture model with correlated allele frequencies among
populations because the study areas were in close proximity. Also, I chose this model because
subpopulations showed limited structure (Falush et al. 2003). I chose a burn-in period and
likelihood estimation period of 100,000 iterations using a Markov-Chain Monte Carlo. A burnin period is a set number of iterations that allows the likelihood estimate to approach stationarity
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but is not included in the estimate. The genetic assignment of individuals into a particular cluster
was used to estimate the number of subpopulations within the data. Because the study areas
were not closed systems, individuals from nearby areas could have been sampled within the
study areas. Thus, I examined up to 7 population clusters (K). A best-model estimate was
produced in Program STRUCTURE, which can be interpreted to be the highest value of the log
probability of the data (Ln P(D)). However, Evanno et al. (2005) found that the highest Ln P(D)
often does not provide the correct number of population clusters. Therefore, I calculated k
based on the second-order rate of change in the likelihood distribution between successive K
values (Evanno et al. 2005).
Unlike Program STRUCTURE, Program GENECLASS2 can identify individuals that did
not originate from any of the sampled populations. Based on allele frequencies (Paetkau et al.
1995), I first generated a multinomial distribution to estimate the likelihood that a particular
genotype originated from within the population where the individual was sampled (L_home).
Next, I conducted Monte Carlo resampling to generate critical values and test if a particular
individual was born in the population in which it was sampled. The Monte Carlo procedure was
based on simulating genotypes by sampling, with replacement, mutilocus gametes from
randomly chosen genotypes within each population (Paetkau et al. 2004). After 100,000
iterations, if the probability of not originating in the population where a genotype was sampled
was P < 0.010, it was identified as a 1st-generation migrant.
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V. RESULTS
DNA Sampling
During 2008, I collected 214 and 749 hair samples from Carvers Bay and Lewis Ocean Bay,
respectively. Bears visited 30 sample sites at Carvers Bay ( x = 9.8 visited sites/sampling
occasion) and 37 sites at Lewis Ocean Bay ( x = 25.4 visited sites/sampling occasion). I obtained
2 hair samples from bears that were killed in vehicle collisions: 1 was a male cub found at the
Berkeley-Charleston County line on I-26 and 1 was a juvenile male killed in the Carvers Bay
area a week before data collection began (Fig. 2). I collected 2 hair samples at Gunters Island on
the Little Pee Dee River.
In 2009, I collected 413 hair samples from 46 out of 69 sites on the Carvers Bay study
area ( x = 17.5 visited sites/sampling occasion). On Lewis Ocean Bay, 39 of 40 sites were
visited ( x = 29.2 visited sites/sampling occasion), resulting in 978 hair samples. I obtained 63
hair samples from Green Swamp Preserve from 15 of 20 hair snares, 1 tree rub, 2 harvested
bears, and 1 mortality due to a vehicle collision just outside the preserve. Additionally, I
collected hair samples from 2 adult males killed in vehicle collisions. One bear was killed 7 km
northeast of Carvers Bay on U.S. Highway 701 (Fig. 2) and 1 bear was killed 5 km west of
Lewis Ocean Bay on State Highway 90 (Fig. 3).
Microsatellite Analysis
Microsatellite Amplification.—For 2008, I selected 288 hair samples for genotyping
(Carvers Bay: n = 78; Lewis Ocean Bay: n = 206; miscellaneous: n = 4). However, 38 samples
lacked sufficient DNA for analysis. DNA was extracted from the remaining 250 samples. I
identified 29 and 12 different genotypes for Lewis Ocean Bay and Carvers Bay, respectively. In
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addition, the 2 bears killed by vehicles were identified along with the single bear sampled on
Gunters Island. For 2009, I selected 395 samples for analysis. Lack of sufficient DNA, failures
during analysis, and mixture at multiple markers resulted in an 84% success rate. I identified 24
and 20 genotypes on Lewis Ocean Bay and Carvers Bay, respectively. I identified 13 additional
genotypes, 11 for Green Swamp and 2 for the bears killed by vehicles near Lewis Ocean Bay and
Carvers Bay.
Probability of Identity, Hardy-Weinberg Equilibrium, and Linkage Disequilibrium.—
The overall PI and PIsibs for bears sampled on Carvers Bay were 6.5 x 10-8 and 1.6 x 10-3,
-7

-3

respectively. For Lewis Ocean Bay, the overall PI and PIsibs were 1.1 x 10 and 1.8 x 10 ,
respectively. There was no evidence of non-random mating for the 7-locus dataset (Table 1).
No loci had different observed (Ho) and expected heterozygosity (He) for the 21-locus genotypes
sampled in Carvers Bay (Table 2), Lewis Ocean Bay (Table 3), or Green Swamp (Table 4) after
applying the Dunn-Sidak adjustment. No pairs of loci showed linkage disequilibrium for the 7locus dataset after adjustment. For the 21-locus dataset, linkage disequilibrium was evident for
G10U and CXX20 for Carvers Bay (P = 0.003), Lewis Ocean Bay (P = 0.001) and Green
Swamp (P < 0.001). To test if these loci affected the genetic analyses, I removed them and
repeated the analyses. There were no statistical differences in genetic analysis results after
removal, so I proceeded with the genetic analyses using all loci.
Population Analyses
Population Abundance.—The top model for the Carvers Bay 2008 analysis had constant
p (probability of capture) and c (probability of recapture; Models 1; Table 5) and a model weight
(wi) of 0.77. I did not include complex models in the model averaging procedure for the Carvers
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Bay 2008 analysis because capture probabilities were unrealistic. Complex models likely were
not supported because of the low number of sampled individuals and low number of recaptures
for females (n = 6; 3 recaptures) and males (n = 6; 2 recaptures).
The 2 highest-ranked models for the Carvers Bay 2009 data had AICc values <2 and a
combined AICc weight of 0.78 (Models 1–2; Table 6). There was no evidence of a behavioral
effect (all p = c). For the first model, capture probabilities for males and females were different,
there was a mixture effect for females ( = 4.45, SE = 1.18, 95% CI = 2.13–6.77), and the
capture history covariate was significant ( = 1.46, SE = 0.31, 95% CI = 0.84–2.07). The second
model ( AICc = 1.04) accounted for individual heterogeneity by modeling capture probabilities
with a 2-mixture distribution for males and females ( = -2.92, SE = 0.62, 95% CI = -4.12–-1.70)
and the individual capture history covariate ( = 1.16, SE = 0.27, 95% CI = 0.63–1.69), whereas
the sex-specific mixture distribution was not significant. The third model (Model 3; AICc =
2.26; Table 6) also accounted for heterogeneity by modeling capture probabilities for both sexes
( = -4.20, SE = 1.22, 95% CI = -6.60–-1.80) but did not include the individual capture history
covariate.
For the Lewis Ocean Bay 2008 data, the top 2 models had a combined AICc weight of
0.81 (Models 1–2; Table 7). Both models had equal capture and recapture probabilities and
modeled differences in capture probabilities by sex (Model 1,
3.97–-1.54; Model 2,

= -2.75, SE = 0.62, 95% CI = -

= -2.82, SE = 0.68, 95% CI = -4.15–-1.48). Of the 2 top models, only

the second model (Model 2; AICc = 2.01; Table 7) indicated a difference in proportions of sexspecific mixtures ( = -3.26, SE = 0.57, 95% CI = -4.38–-2.15).
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The highest-ranked model in the Lewis Ocean Bay 2009 analysis indicated equal p and c
(Models 1; wi = 0.292; Table 8), whereas the 2nd-ranked model (Model 2; AICc = 1.73; Table 8)
contained an additive effect on recapture probabilities. The most parsimonious model provided
no evidence of difference in mixture proportions based on sex but did indicate differences in
capture probabilities for sex-specific mixtures ( = -3.63, SE = 0.68, 95% CI = -4.96–-2.31) and
the individual capture history covariate ( = 0.45, SE = 0.14, 95% CI = 0.17-0.72). The second
model ( AICc = 1.73) accounted for heterogeneity by modeling capture probabilities with a 2mixture distribution for both males and females ( = -3.68, SE = 0.69, 95% CI = -5.03–-2.33)
and the individual capture history covariate ( = 0.45, SE = 0.14, 95% CI = 0.18–0.72). The
third model ( AICc = 2.08) accounted for heterogeneity by modeling sex-specific capture
probabilities ( = -2.10, SE = 0.47, 95% CI = -3.03–-1.17) and sex-specific mixture distributions
( = -2.88, SE = 0.82, 95% CI = -4.49–-1.26). The fourth model ( AICc = 2.09) was identical to
the third model but also accounted for additional heterogeneity with the individual capture
history covariate ( = -0.45, SE = 0.14, 95% CI = 0.17–0.72).
Based on model averaging, the combined abundance of female and male bears on Carvers
Bay in 2008 was 15 (Table 9). Capture probabilities of both sexes were similar but the
probability of initial capture was low ( p̂ = 0.07; SE = 0.13), whereas the probability of being
recaptured was high ( ĉ = 0.43; SE = 0.08). For 2009, abundance of female and male bears on
Carvers Bay was 13 and 18, respectively (Table 9). The probability of an individual coming
from mixture A or mixture B ( πAF = 0.49, πBF = 0.51) and the associated capture probabilities
( p̂A = 0.35, SE = 0.08, p̂B = 0.30, SE = 0.06) were similar for the 2 female mixtures. The lower
F

F
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probability mixture (mixture B) of males ( πAM = 0.64, πBM = 0.36) had a much higher capture
probability than the other mixture ( p̂A = 0.24, SE = 0.07, p̂B = 0.58, SE = 0.09, SE = 0.07).
M

M

Based on model averaging, abundance of female and male black bears on Lewis Ocean
Bay in 2008 was 25 and 16, respectively (Table 9). The probability of an individual coming
from mixture A versus mixture B ( πAF = 0.79 vs. πBF = 0.21 and πAM = 0.77 vs. πBM = 0.23) and the
associated capture probabilities ( p̂A = 0.07, SE = 0.04, ĉAF = 0.07, SE = 0.04; p̂BF = 0.57, SE =
F

0.09, ĉBF = 0.57, SE = 0.09 and p̂A = 0.26, SE = 0.11, ĉ AM = 0.33, SE = 0.06; p̂BM = 0.86, SE =
M

0.09, ĉBM = 0.99, SE < 0.01) were skewed.
For the 2009 Lewis Ocean Bay data, abundance was 26 for females and 17 for males
(Table 9). Based on model averaging, the probability of an individual coming from mixture A
versus mixture B was similar for both sexes ( πAF = 0.44 vs. πBF = 0.56 and πAM = 0.57 vs. πBM =
0.43), whereas associated capture probabilities ( p̂A = 0.03, SE = 0.02, ĉAF = 0.04, SE = 0.02; p̂BF =
F

0.31, SE = 0.08, ĉBF = 0.35, SE = 0.07 and p̂A = 0.14, SE = 0.07, ĉ AM = 0.14, SE = 0.06; p̂BM =
M

0.69, SE = 0.09, ĉBM = 0.72, SE = 0.07) were quite different.
Based on model averaging and averaging those estimates across years, population
abundance of black bears on Carvers Bay was 30 (Table 9) and population abundance on Lewis
Ocean Bay was 42 (Table 9). For both 2008 and 2009, Program CloseTest results indicated that
capture data from Carvers Bay ( ² = 62.1, P < 0.001) and Lewis Ocean Bay ( ² = 50.9, P < 0.001)
violated the demographic closure assumption.
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Population Density.—The total number of bears marked in the population (Mi+1) at
Carvers Bay increased from 12 (6 females, 6 males) in 2008 to 20 (7 females, 13 males) in 2009
(Table 10). On the other hand, the total number of bears marked in the population (Mi+1) at
Lewis Ocean Bay decreased from 29 (14 females, 15 males) in 2008 to 24 (12 females, 12
males) in 2009 (Table 11). The average maximum distance moved for males at Carvers Bay
was greater than that observed for males at Lewis Ocean Bay regardless of year (Table 10 and
11). In 2008, the average maximum distance moved for females at Carvers Bay was greater than
that of females at Lewis Ocean Bay, whereas female movements were similar for both study
areas in 2009 (Table 10 and 11).
For the Carvers Bay dataset, the most supported model was a hazard rate model, which
represented >73% of the model weight and modeled sex-specific and year-specific variation for
the g0, , and b parameters (Table 12). The second model ( AICc = 2.00) was based on a halfnormal detection function with sex- and year-specific variation for the g0 and parameters.
For Lewis Ocean Bay, the most supported model had an AICc weight of 0.45 and was
based on a half-normal detection function, with sex- and year-specific variation in the detection
function parameters g0 and and an additive behavioral effect for g0 (Table 13). The next 3
models all had equal AICc values of 2.00 and AICc weights of 0.18. The first of these models
had a hazard rate equivalent to the top model with a sex- and year-specific b parameter. The
remaining 2 models were based on a half-normal and a hazard rate model, respectively, with sexand year-specific variation for parameters g0, , and b. More complex models, such as those
accounting for individual heterozygosity, were not estimable.
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For the Carvers Bay study area, the model-averaged density for females was 0.027
bears/km2 for 2008 and 0.030 bears/km2 for 2009 (Table 14). In 2008, model-averaged density
estimate for males was 0.005 bears/km2, whereas the 2009 density estimate was 0.012 bears/km2.
Pooled across year (2008, 2009) and sex, population density at Carvers Bay was 0.037 bears/km2
(Table 14).
For the Lewis Ocean Bay study area, model-averaged densities for females in 2008 and
2009 were 0.271 bears/km2 and 0.170 bears/km2, respectively (Table 14). For males, modelaveraged density estimates were 0.104 bears/km2 in 2008 and 0.069 bears/km2 in 2009. The
Lewis Ocean Bay density estimate pooled across year (2008, 2009) and sex was 0.307 bears/km2
(Table 14).
Regional Population Density.—The top logistic regression model (AIC = 31.5) had a
substantially lower AIC than the next model (AIC = 50.1; AIC = 18.6) and contained the
variables LPI, percent pine (4.5-km2 scale), and percent pocosin (0.3-km2 scale; Table 15). All 3
variables in that model were significant (P < 0.010). This model fit the data well (HosmerLemeshow ² = 4.92, 8 df, P = 0.766). Model discrimination was high (AUC = 0.99) and so was
the maximum-rescaled R2 (R² = 0.90). Based on positive parameter estimates for LPI ( = 0.132,
SE = 0.05; P = 0.008) and pocosin ( = 20.185, SE = 7.21; P = 0.005), greater values for those
variables are increasingly representative of Lewis Ocean Bay. Conversely, because of the
negative parameter estimate for percent pine ( = -16.76, SE = 6.15; P = 0.007), areas with more
pine were less representative of Lewis Ocean Bay (and thus more representative of Carvers Bay).
Using the percent forest >63 criterion and excluding forest types not representative of the
2 study areas, I identified a target area of approximately 16,000 km2 to extrapolate black bear
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density estimates in the upper coastal region of South Carolina. Application of the logistic
regression equation to this area resulted in a weighted density ranging from 0.037 to 0.375
bears/km2 (Fig. 5a). Large areas with high densities occurred primarily in Berkeley, Georgetown,
Marion, and Horry Counties (Figs. 5a, 5b, and 5c).
Genetic Analyses
Heterozygosity.—Observed heterozygosity was highest for Carvers Bay (Ho = 0.71; SE =
0.051), followed by Lewis Ocean Bay (Ho = 0.63; SE = 0.050) and Green Swamp (Ho = 0.57; SE
= 0.046).
Genetic Distance.—The FIS statistic for the Carvers Bay population was in agreement
with the Hardy-Weinberg equilibrium but this was not the case for Lewis Ocean Bay and Green
Swamp. Based on 100,000 permutations, FIS for Carvers Bay (FIS = -0.043, P = 0.786) was not
different from a random FIS value, whereas the Lewis Ocean Bay value (FIS = 0.056, P = 0.088)
was slightly different from a random FIS. FIS for Green Swamp (FIS = 0.094, P = 0.027) was
different from a random FIS. I observed no genetic differentiation among the 3 sampled
populations (FST = 0.019, P = 0.790).
Based on pairwise FST tests, there was slight genetic differentiation between the Lewis
Ocean Bay and Carvers Bay populations (FST = 0.017, P = 0.079) and the Lewis Ocean Bay and
Green Swamp (FST = 0.015, P = 0.083) populations. Genetic differentiation between Carvers
Bay and Green Swamp was significant but the FST value indicated this differentiation was low
(FST = 0.04; P = 0.006).
Genetic Assignment.—Based on the 3 a priori populations, Program STRUCTURE
produced the highest log-likelihood value Ln P(D) at 2 clusters (K = 2, Ln P(D) = -2,213; Fig. 6).
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After calculating k for K = 2–6, the K = 2 model had the largest k at 24 (Fig. 7). The k
calculation for models K = 3–6 was zero (Fig. 7). However, k cannot be calculated for K = 1,
so I referred to the K = 2 graph of an individual’s probability of belonging to 1 of 2 populations
(Fig. 8). Based on that graph, individuals sampled within each of the 3 populations had similar
probabilities of being assigned to both clusters. Therefore, these data indicate the true number of
population clusters was K = 1.
Program GENECLASS2 correctly assigned only 15 of 34 individual genotypes (44%) to
the population in which they were sampled. A male black bear sampled at Carvers Bay was
excluded from assignment to Green Swamp (P = 0.001). None of the bears killed in vehicle
collisions nor the Gunters Island bear were excluded from any of the 3 sampled populations.
Based on the Monte Carlo procedures, 33 of 34 individuals (97%) could not be excluded from
assignment to any of the 3 sampled populations. A male black bear sampled in 2008 at Lewis
Ocean Bay was excluded from assignment to any of the sampled populations (P < 0.005). This
individual was confirmed as a 1st-generation migrant into the sampled population (P < 0.001).
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V. DISCUSSION
Luikart et al. (2010) defined population size as the number of adult animals in a study area or
population. Boulanger et al. (2004) suggested that hair traps likely captured grizzly bear (Ursus
arctos) cubs. Based on photos from several remote cameras that I set up at hair snares, small
bears moved under the bottom wire, but later inspection revealed no hair samples. Therefore, I
assume my population estimates reflect adult and sub-adult black bears. Population abundance
and density estimates were greater for black bears at Lewis Ocean compared with Carvers Bay.
Differences in habitat quality and landscape context are the most reasonable explanation for the
disparity in population estimates between the 2 study areas (Pelton 2003). Carolina bays and
pocosins in Lewis Ocean Bay provide abundant soft mast (e.g., blueberry, gallberry, winterberry)
and dense cover (Landers et al. 1979, Hellgren et al. 1991, Lombardo 1993, Brandenburg 1996,
Jones 1996, Martorello 1998, Allen 1999, Telesco and van Manen 2006). The low density of
roads, absence of paved roads, high habitat diversity (e.g., Carolina bay, pocosin, upland pine,
hardwoods), and enhanced soft mast production because of fire management also contribute to
high quality of bear habitat in Lewis Ocean Bay. An additional factor influencing population
density may be that development and highways surround Lewis Ocean Bay at all but the
southwestern boundary. The area southwest of Lewis Ocean Bay is the only large area ( 1,200
ha) of bear habitat contiguous with the Heritage Preserve. Consequently, Lewis Ocean Bay may
form somewhat of a habitat island. Although no area-density relationship has been demonstrated
for black bears, some of the highest reported black bear densities have been in relatively small
habitat fragments (Beausoleil 1999) and islands (e.g., Long Island, Washington; Lindzey and
Meslow 1977). My data support this supposition: 17 of 24 bear (71%) sampled in 2009 were
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recaptures from the previous year, even after most of the area (85%) burned in a wildfire. In
contrast, at Carvers Bay 7 of 20 bear (35%) sampled in 2009 were recaptures from the previous
year. Carvers Bay has little development and bears were able to move across the landscape less
impeded. Habitat at Carvers Bay primarily consisted of pine, which does not produce abundant
black bear foods or provide good cover (Landers et al. 1979). Indeed, my data suggest that male
bears at Carvers Bay ranged over larger areas: the average maximum recapture distance was 4.3
km on Carvers Bay and 2.7 km on Lewis Ocean Bay (Tables 10 and 11).
The top models for Carvers Bay 2009 and Lewis Ocean Bay 2009 indicated the
importance of 2-mixture distributions, sex-specific capture probabilities, and the individual
capture history covariate, suggesting the presence of heterogeneity. Based on model averaging,
both sexes at Carvers Bay and males at Lewis Ocean Bay had high capture probabilities
regardless of the mixture distribution. One mixture of females at Lewis Ocean Bay had a very
low capture probability. Carvers Bay 2009 abundance estimates are likely more accurate than
2008 estimates, because standard errors for 2008 estimates were extremely high and more
complex models were not supported. Despite these factors, however, abundance estimates were
consistent across both years (Table 9), suggesting that models were somewhat robust to the low
number of captures and recaptures. The closed population assumption was violated for both
Carvers Bay and Lewis Ocean Bay. Thus, population estimates may be more representative of
the superpopulation and not the true population within each study area. This is an important
consideration when interpreting the population estimates for Carvers Bay and Lewis Ocean Bay.
Four of my 8 a priori models in Program DENSITY were not estimable for Carvers Bay,
whereas 2 of my models were not estimable for Lewis Ocean Bay. Although capture
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probabilities were high, more complex models likely were not supported because of a limited
number of capture histories. Consequently, I was unable to account for individual heterogeneity,
which may have led to density estimates that were biased low (Chao 1989). Additionally,
standard errors of the density estimates for both study areas were high. Black bear density at
Lewis Ocean Bay (0.307 bears/km², Table 14) is comparable to the density estimate for Great
Dismal Swamp National Wildlife Refuge, Virginia (0.47 bears/km²) reported by Tredick and
Vaughan (2009). Density estimates for males and females at Carvers Bay were consistent for
2008 and 2009, indicating approximately 3–4 times more females than males per km2. Bear
density at Carvers Bay (0.037 bears/km², Table 14) was lower than estimates reported by Tredick
and Vaughan (2009). These findings support my hypothesis that habitat quality is partially
responsible for the high bear densities at Lewis Ocean Bay. Habitat on the Heritage Preserve is
much more similar to the National Wildlife Refuges studied by Tredick and Vaughan (2009)
than habitat on the Carvers Bay area.
The spatial extrapolation of potential black bear density for the upper coastal region of
South Carolina provided important insights. Lewis Ocean Bay and Francis Marion National
Forest were predicted to have the greatest densities of black bears in the region. Francis Marion
National Forest contains the largest, contiguous tract of forest land (>1,000 km2) in coastal South
Carolina and may hold the largest black bear population in the region. The majority of the
region had predicted densities similar to those estimated for Carvers Bay. Most of inland
Georgetown County and a large portion of Williamsburg County contain potential bear habitat
and much of this area is on private land. I note that my prediction of black bear density within
the upper coastal region of South Carolina was based on landscape and habitat similarities
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relative to those of Carvers Bay and Lewis Ocean Bay and only represents potential density.
Some areas for which I predicted density may not be occupied by black bears. Although my
extrapolation of potential density corresponds well with historical (1970–1989) and recent
(1990–2009) records of black bear sightings (Fig. 9), I was not able to test my predictions with a
truly independent dataset. Thus, the density extrapolations for particular areas should be
interpreted with caution. However, the density map may be useful to assess regional differences
in potential density and to identify focal areas to gather additional data or for management
emphasis. For example, the Francis Marion National Forest may contain a substantial portion of
coastal black bears and research there would substantially enhance regional management
objectives.
My genetic analyses based on heterozygosity and genetic distance indicated no genetic
differentiation among the 3 sampled populations. Population genetic measures such as
heterozygosity and FST reflect processes over many generations and cannot be definitively linked
to any specific demographic patterns unless long-term equilibrium between mutation, dispersal,
and drift can be assumed (Conner and Hartl 2004). For example, Paetkau et al. (1998)
determined that the expected heterozygosity (He) of the isolated Yellowstone grizzly bear
population (N

350) with an effective population size Ne

64 would decrease at a rate of 0.4%

per generation. Therefore, to detect a reduction in a population’s He

10% would take 250 years,

assuming a generation time of 10 years and complete genetic isolation. Isolated black bear
populations in Florida (Dixon et. al 2007), Louisiana (Boersen et. al 2003, Csiki et. al 2003), and
Arkansas (Csiki et. al 2003) had heterozygosity levels lower than 50%. Conversely, where large
areas of contiguous habitat exist, genetic exchange among black bear populations is not impeded
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and heterozygosity may be 70–80% (Paetkau and Strobeck 1998, Woods et. al 1999, Schwartz et
al. 2006). These heterozygosity levels provide a general reference but cannot be used for direct
comparison with estimates of heterozygosity in my study because loci used in each study likely
had different mutation rates. Similarly, FST between completely isolated populations increases
each generation approximately in proportion to the reciprocal of population size: FST after t
generations is expected to be 1 – [1 – 1/(2Ne)]t (Conner and Hartl 2004). Thus, for these
measures, genetic evidence of barriers to dispersal takes numerous generations to accumulate
and major anthropogenic barriers in the region likely have not been in place long enough to
detect such impacts.
Substantial expansion of the U.S. highway network has occurred over the last 60 years
and the potential impacts of these anthropogenic barriers may be observed with genetic
assignment tests, which can quantify genetic differentiation originating as recently as 20–60
years ago (Wilson and Rannala 2003). However, my genetic assignment tests indicated ample
gene flow among bear populations at Carvers Bay, Lewis Ocean Bay, and Green Swamp. Based
on a documented event in which a bear travelled the river corridor from Carvers Bay into North
Carolina (D. Ruth, SCDNR, personal communication) and the male black bear I identified near
the Little Pee Dee River, I speculate the extensive hardwood forest corridors associated with
large river systems (e.g., Waccamaw River, Pee Dee River) facilitate genetic connectivity among
black bear populations in coastal South Carolina. The 1st-generation male migrant that I sampled
in Lewis Ocean Bay was from an unknown source population, which may provide another
indication that large river systems allow bears to move long distances within the region.
However, it is also possible this bear was illegally translocated by private individuals from a
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captive facility or a source population outside the region. Further analysis to identify the source
population of this bear would be important.
Although genetic connectivity does not seem to be restricted among the 3 bear
populations, it is important to recognize that genetic connectivity, which reflects processes of
many generations, does not equal demographic connectivity at the current time. For example,
Proctor et al. (2005) suggested that grizzly bears in the Rocky Mountains remained genetically
connected through male migration but lacked demographic connectivity because habitat
fragmentation, primarily transportation corridors and human settlements, severely inhibited
movement of females. Due to the genetic similarity of the 3 bear populations in this study, the
only way to test demographic connectivity in these populations would be to use GPS collars to
monitor movements of individuals. In recent decades, the upper coastal region of South Carolina
has experienced substantial human population growth (U.S. Census Bureau 2000), particularly
near Myrtle Beach, the region’s most popular tourist destination. Planned expansions and
upgrades of the highway network in that area likely will be accompanied by increasing traffic
volumes and further development (South Carolina Department of Transportation [SCDOT]
2010). Consequently, the area of black bear habitat near Lewis Ocean Bay and demographic and
genetic connectivity with other habitat areas may decrease in the future, potentially resulting in
further isolation of this bear population. Small, isolated black bear populations, such as the
Highland Glades and Chassahowitzka populations in Florida, the coastal Louisiana populations,
and the Mobile Bay population in Alabama, have persisted at low number for decades (Kasbohm
and Bentzien 1998, Edwards 2002, Csiki et al. 2003, Maehr et al. 2003, Dixon et al. 2007).
However, inbreeding depression has reduced heterozygosity and possibly overall fitness of bears
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in some areas (Dixon et al. 2007). More importantly, such populations may be demographically
susceptible to unsustainable sources of mortality over time, such as vehicle collisions, illegal
killing, or stochastic events.
Because of the relative isolation of the Lewis Ocean Bay population, bears may
temporarily abandon their home ranges when faced with environmental stochasticity, such as
low soft mast production. Of course, dispersal and other movements may lead to greater
vulnerability to mortality, particularly in a landscape with numerous movement barriers. This
vulnerability was apparent in 2007, when 73% of 41 (n = 30) reported black bear mortalities due
to vehicle collisions in coastal South Carolina occurred 5 km from Lewis Ocean Bay (SCDNR,
unpublished data). Assuming these 30 bears originated from the tract of bear habitat that
includes the Heritage Preserve and private lands to the southwest (Fig. 3), this number would
represent a substantial proportion of my population estimate of 42 bears. Importantly, the sex
ratio of those bears was 1:1. Dispersal among black bears is highly male biased (e.g., Costello
2010) so this sex ratio suggests these were not necessarily dispersal movements. Indeed, 77% of
these incidents occurred from August–October, when South Carolina experienced a moderate to
severe drought (South Carolina Climatology Office 2007). Hard mast was lower in the
mountains of South Carolina in 2007 compared with the previous 5 years (SCDNR 2007). Given
the reduction in hard mast in the mountains and the statewide drought, soft mast and hard mast
likely were also reduced in the coastal region. Regardless of the cause, these observations
possibly indicate how susceptible the Lewis Ocean Bay black bear population may be to
stochastic events because of its isolation.
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The Carvers Bay population provides an insightful contrast to Lewis Ocean Bay.
Population density was much lower in Carvers Bay for reasons discussed previously. Although
forest habitats in these areas are somewhat fragmented, bears seem to be able to meet their life
requisites in these landscapes with large home ranges. Despite larger home ranges and greater
movements, bears in Carvers Bay experienced limited mortality from vehicle collisions. I
speculate that the lower density of high-speed highways and habitat connectivity provided by
large river systems has allowed bear populations to persist in this landscape, albeit at low
densities. As my density extrapolations indicated, landscape characteristics associated with
Carvers Bay are representative of most of the upper coastal region, which may explain the wide
distribution of bear reports (i.e., sightings, mortalities, nuisance complaints) throughout this area
(Figs. 5a and 5b). Black bears at Carvers Bay and in other rural areas of coastal South Carolina
may be less susceptible to stochastic events than bears at Lewis Ocean Bay.
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VI. MANAGEMENT IMPLICATIONS
Based on recent increases in the number of nuisance complaints and bear-vehicle collisions, the
black bear population in coastal South Carolina may be expanding and increasing. My study
indicates that bear densities are low throughout most of the region. Interspersed among this
background of low densities are several areas with much higher densities centered on more
productive habitats (e.g., Carolina bays, pocosin) and public lands, most notably Francis Marion
National Forest and Lewis Ocean Bay. Given that I found high genetic similarity among
sampled populations, the distribution of bear observations during the last decade may be
suggestive of recent establishment of bears in previously unoccupied areas. Indeed, females with
cubs have been sighted recently in areas previously not known to contain bears (D. Ruth,
SCDNR, personal communication). These sightings occurred near areas such as Lewis Ocean
Bay and Francis Marion National Forest and I speculate that the high densities of those areas
played an important role by providing a source of dispersing individuals. Despite evidence of an
expanding population, in areas with isolated habitat and high densities of highways, bear-vehicle
collisions result in substantial mortality, which may not be sustainable in the long term.
Genetic similarity among the 3 sampled populations indicates that connectivity has been
high among black bear populations throughout much of the coastal South Carolina region over
the past several hundred years. Recent or future restrictions in connectivity may affect
demographic viability and genetic structure of bear populations. If the goal is to maintain black
bear densities in the region, preserving habitat linkages and mitigating impacts of highways
would be important considerations. For example, an upgrade and expansion of International
drive (southwestern boundary of Lewis Ocean Bay) from an unimproved road to a 2- or 4-lane
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highway with a speed limit of 64 km/hr is planned by Horry County (Horry County Government
2010; J. W. McCown, unpublished report). The purpose of this road project is to alleviate traffic
congestion on other highways near Lewis Ocean Bay Heritage Preserve that connect Myrtle
Beach with other areas in the state. This highway could form a substantial movement barrier on
the only portion of the Heritage Preserve boundary that is not near a highway. Bear crossing
structures (concrete underpasses) are being considered in the roadway design, which would
facilitate demographic and genetic connectivity with Carolina bay habitats southwest of the
Heritage Preserve and could mitigate mortality due to vehicle collisions. Establishing
conservation easements or acquisition of adjacent lands and lands that form a potential
movement corridor between Lewis Ocean Bay and the Waccamaw River corridor would also be
important to the long-term viability of this population.
Because the distribution of black bears in coastal South Carolina is not fully known, the
regional map of potential black bear density may be useful to identify areas that should be
surveyed for occupancy. Such surveys would not only help to fill important data gaps but also
allow testing of model predictions. I recommend testing the model in a small-scale study first.
The Francis Marion National Forest would provide a good focal area for testing the model while
providing important data on the black bear population in the region. With the planned expansion
of International Drive (SCDOT 2010) and potentially other roads near Lewis Ocean Bay,
assessing the level of demographic connectivity with areas outside the Heritage Preserve also is a
critical research need. Such studies would require intensive monitoring of bear movements using
GPS collars. Comparison with similar movement data from Carvers Bay would allow testing of
my hypothesis that bears there have larger home ranges but are demographically more connected.
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In addition, I recommend that a third year of hair samples be collected at Lewis Ocean Bay. The
3 years of data could then be analyzed using a robust design, which combines open and closed
population models and provides estimates of survival and recruitment (Pollock 1982, Kendall et
al. 1997), something my study was not able to provide. This information would be important to
gain a better understanding of long-term population viability of the Lewis Ocean Bay black bear
population.
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Table 1. Observed (Ho) and expected heterozygosity (He) for 7 loci tested for Hardy-Weinberg
equilibrium for American black bears sampled in Carvers Bay and Lewis Ocean Bay, South Carolina,
USA, 2008–2009. P-value indicates probability of difference between Ho and He. The 7-loci genotypes
were used to identify individual black bears for population analyses.
Locus

Study area

Number of
genotypes

Ho

He

P-value

G10L

Carvers Bay

25

0.92

0.88

0.98

G10M

Carvers Bay

25

0.72

0.77

0.15

MU23

Carvers Bay

25

0.84

0.77

0.29

MU50

Carvers Bay

25

0.64

0.61

0.99

G10P

Carvers Bay

25

0.76

0.78

0.45

G10B

Carvers Bay

25

0.72

0.79

0.55

MU59

Carvers Bay

25

0.88

0.75

0.39

G10L

Lewis Ocean Bay

36

0.78

0.80

0.31

G10M

Lewis Ocean Bay

36

0.78

0.73

0.68

MU23

Lewis Ocean Bay

36

0.81

0.74

0.49

MU50

Lewis Ocean Bay

36

0.67

0.70

0.30

G10P

Lewis Ocean Bay

36

0.78

0.79

0.28

G10B

Lewis Ocean Bay

36

0.67

0.78

0.24

MU59

Lewis Ocean Bay

36

0.75

0.72

0.21
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Table 2. Observed (Ho) and expected heterozygosity (He) for 21 loci tested for Hardy-Weinberg
equilibrium for American black bears sampled in Carvers Bay, South Carolina, USA, 2008–2009. Pvalue indicates probability of difference between Ho and He. The 21-loci genotypes were used for genetic
analyses.
Locus

Number of
genotypes

Ho

He

P-value

G1A

7

0.71

0.69

0.44

G1D

7

0.57

0.58

1.00

G10L

7

1.00

0.91

0.67

G10M

7

0.71

0.79

0.69

MU23

7

0.86

0.76

0.76

MU50

7

1.00

0.76

0.81

G10P

7

0.71

0.76

0.76

145P07

7

0.71

0.66

0.86

A06

7

0.43

0.66

0.25

G10B

7

0.71

0.78

0.11

G10H

7

0.86

0.78

0.94

G10J

7

0.57

0.49

1.00

MU59

7

1.00

0.86

1.00

G10U

7

0.71

0.78

0.70

G10X

7

0.57

0.65

1.00

G10C

7

0.43

0.49

1.00

CPH9

7

0.86

0.65

0.78

CXX110

7

0.86

0.91

0.68

CXX20

7

1.00

0.81

0.84

MSUT2

7

0.86

0.85

0.67

MSUT6

7

0.57

0.49

1.00
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Table 3. Observed (Ho) and expected heterozygosity (He) for 21 loci tested for Hardy-Weinberg
equilibrium for American black bears sampled in Lewis Ocean Bay, South Carolina, USA, 2008–2009.
P-value indicates probability of difference between Ho and He. The 21-loci genotypes were used for
genetic analyses.
Locus

Number of
genotypes

Ho

He

P-value

G1A

16

0.69

0.72

0.31

G1D

16

0.44

0.56

0.43

G10L

16

0.88

0.84

0.41

G10M

16

0.81

0.80

0.79

MU23

16

0.88

0.75

0.53

MU50

16

0.63

0.77

0.22

G10P

16

0.94

0.80

0.67

145P07

16

0.63

0.66

0.19

A06

16

0.38

0.70

0.01

G10B

16

0.69

0.76

0.37

G10H

16

0.63

0.77

0.19

G10J

16

0.69

0.63

0.95

MU59

16

0.75

0.75

0.36

G10U

16

0.75

0.77

0.60

G10X

16

0.75

0.59

0.77

G10C

16

0.19

0.18

1.00

CPH9

16

0.63

0.76

0.20

CXX110

16

0.56

0.81

0.01

CXX20

16

0.81

0.82

0.62

MSUT2

16

0.81

0.75

0.38

MSUT6

16

0.38

0.46

0.40
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Table 4. Observed (Ho) and expected heterozygosity (He) for 21 loci tested for Hardy-Weinberg
equilibrium for American black bears sampled in Green Swamp, North Carolina, USA, 2008–2009. Pvalue indicates probability of difference between Ho and He. The 21-loci genotypes were used for genetic
analyses.
Locus

Number of
genotypes

Ho

He

P-value

G1A

11

0.82

0.81

0.63

G1D

11

0.45

0.39

1.00

G10L

11

0.64

0.78

0.21

G10M

11

0.82

0.76

0.67

MU23

11

0.36

0.46

0.11

MU50

11

0.73

0.84

0.29

G10P

11

0.55

0.80

0.20

145P07

11

0.64

0.76

0.50

A06

11

0.55

0.57

0.24

G10B

11

0.73

0.74

0.53

G10H

11

0.45

0.78

0.03

G10J

11

0.82

0.72

0.20

MU59

11

0.64

0.65

0.91

G10U

11

0.82

0.70

0.62

G10X

11

0.36

0.44

0.60

G10C

11

0.18

0.17

1.00

CPH9

11

0.73

0.65

0.80

CXX110

11

0.55

0.80

0.03

CXX20

11

0.64

0.75

0.03

MSUT2

10

0.80

0.78

1.00

MSUT6

11

0.36

0.55

0.13
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Table 5. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
determine the parameterization of closed-capture models to estimate American black bear population
abundance in Carvers Bay, South Carolina, USA, 2008. Capture probabilities (p) and recapture
probabilities (c) were modeled as a function of sex or constant [p(.)c(.)] and included a behavioral
response (p; c), no behavioral response (p = c).
Model
number

Model

AICc

AICca

wi

Kb

Deviance

1

p(.); c(.)

116.77

0.00

0.77

2

112.64

2

p(sex); c(sex)

119.65

2.89

0.18

4

111.21

3

p(.) = c(.)

123.21

6.44

0.03

1

121.16

4

p(sex) = c(sex)

124.39

7.62

0.02

2

120.26

a

Difference in AICc compared with lowest AICc model.
b
Number of model parameters including intercepts.
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Table 6. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
determine the parameterization of Huggins closed-capture models to estimate American black bear
population abundance in Carvers Bay, South Carolina, USA, 2009. Capture probabilities (p) and
recapture probabilities (c) were modeled as functions of sex and mixtures (π) and included no behavioral
responses (p = c). Mixtures (mix) were based on 2 different capture probability distributions (π) and
were modeled as a function of sex (π(sex)) or not (π(.)). An individual covariate (C; number of captures
from the previous year) was used as an additive effect.
Model
number
1
2
3
4

Model
π(.); {p(sex, f mix) = c(sex, f mix)
+ C}c
π(sex); {p(sex, mix) = c(sex, mix)
+ C}d
π(sex); {p(sex, mix) = c(sex,
mix)}d
π(sex); {p(sex, m mix) = c(sex, m
mix) + C}c

AICc

AICca

wi

Kb

Deviance

181.52

0.00

0.49

5

171.13

182.56

1.04

0.29

6

170.01

183.78

2.26

0.16

5

173.39

185.71

4.18

0.06

4

177.45

a

Difference in AICc compared with lowest AICc model.
Number of model parameters including intercepts.
c
Includes female-only mixture (f mix) or male-only mixture (m mix).
d
Mixtures (mix) modeled separately for both sexes.
b
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Table 7. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
determine the parameterization of Huggins closed-capture models to estimate American black bear
population abundance in Lewis Ocean Bay, South Carolina, USA, 2008. Capture probabilities (p) and
recapture probabilities (c) were modeled as functions of sex and mixtures (π) and included no behavioral
responses (p = c), behavioral response (p; c), additive effects on recapture probability (p + c), or constant
(p(.)c(.)). Mixtures (mix) were based on 2 different capture probability distributions (π) and were
modeled as a function of sex (π(sex)) or not (π(.)). An individual covariate (C; number of captures from
the previous year) was used as an additive effect.

Model
number
1
2

Model
π(.); p(sex, mix) = c(sex, f mix;
m mix)c,d
π(sex); p(sex, mix) = c(sex, f
mix; m mix)c,d

AICc

AICca

wi

Kb

Deviance

267.73

0.00

0.59

5

257.46

269.73

2.01

0.22

6

257.36

3

π(.); p(sex, mix) = c(sex, mix)c

270.81

3.08

0.13

4

262.63

4

π(sex); p(sex, mix) = c(sex, mix)c

272.22

4.49

0.06

5

261.95

283.05

15.32

0.00

5

272.78

285.16

17.43

0.00

6

272.78

5
6

π(.); p(sex, m mix) = c(sex, m
mix)e
π(sex); p(sex, m mix) = c(sex, m
mix)e

7

π(.); p(sex, mix) + c(sex, mix)c

301.79

34.07

0.00

3

295.69

8

p(sex); c(sex)

302.46

34.73

0.00

4

294.28

9

p(sex) = c(sex)

306.00

38.27

0.00

2

301.94

10

p(.); c(.)

307.21

39.48

0.00

2

303.16

a

Difference in AICc compared with lowest AICc model.
Number of model parameters including intercepts.
c
Mixtures (mix) modeled separately for both sexes.
d
The 2 mixtures of females (f mix) for c are independent from the 2 mixtures of males (m mix).
e
Includes male-only mixture (m mix).
b
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Table 8. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
determine the parameterization of Huggins closed-capture models to estimate American black bear
population abundance in Lewis Ocean Bay, South Carolina, USA, 2009. Capture probabilities (p) and
recapture probabilities (c) were modeled as functions of sex and mixtures (π) and included no behavioral
response (p = c), behavioral response (p; c), additive effects on recapture probability (p + c), or constant
(p(.)c(.)). Mixtures (mix) were based on 2 different capture probability distributions (π) and were
modeled as a function of sex (π(sex)) or not (π(.)). Individual covariates (C; number of
captures from the previous year) were used as additive effects.
Model
Number
1
2
3
4
5
6
7
8
9
10

Model
π(.);{p(sex, mix) = c(sex,
mix) + C}c
π(.);{p(sex, mix) + c(sex,
mix) + C}c
π(sex);p(sex, mix) = c(sex,
mix)c
π(sex);{p(sex, mix) =
c(sex, mix) + C}c
π(sex);{p(sex, mix) +
c(sex, mix) }c
π(.);p(sex, mix) = c(sex,
mix) c
π(.);{p(sex, m mix) =
c(sex, m mix) + C}d
π(.);{p(sex, mix) + c(sex,
mix)}c
π(sex);{p(sex, mix) +
c(sex, mix) + C}c
π(sex);p(sex, mix);c(sex,
mix)c

AICc

AICca

wi

Kb

Deviance

234.01

0.00

0.29

5

223.69

235.74

1.73

0.12

6

223.28

236.09

2.08

0.10

4

227.88

236.10

2.09

0.10

6

223.64

236.45

2.45

0.09

5

226.13

236.64

2.63

0.08

4

228.42

237.01

3.00

0.07

5

226.68

237.46

3.45

0.05

5

227.14

237.85

3.85

0.04

7

223.25

238.01

4.00

0.04

7

223.40

11

π(.);p(sex, mix);c(sex, mix)c

239.90

5.89

0.02

7

225.29

12

π(.);p(sex);c(sex)

250.46

16.46

0.00

4

242.25

251.00

16.99

0.00

3

244.87

253.08

19.08

0.00

4

244.87

258.32

24.32

0.00

2

254.26

13
14
15

π(sex);{p(sex) = c(sex) +
C}
π(sex);{p(sex, f mix) =
c(sex, f mix) + C}d
p(.);c(.)

a

Difference in AICc compared with lowest AICc model.
Number of model parameters including intercepts.
c
Mixtures (mix) modeled separately for both sexes.
d
Includes female-only mixture (f mix) or male-only mixture (m mix).
b
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Table 9. Model-averaged and pooled estimates of abundance of female and male American black bears
in Carvers Bay (CB) and Lewis Ocean Bay (LOB) based on closed population models, South Carolina,
USA, 2008–2009.
Population abundance

95% confidence
intervala

Standard error

2008, CB, female

15

6–504

24.9

2009, CB, female

13

8–60

9.5

2008, CB, male

15

6–505

24.9

2009, CB, male

18

14–57

7.8

2008, LOB, female

25

19–41

11.0

2009, LOB, female

26

14–106

17.6

2008, LOB, male

16

15–73

2.0

2009, LOB, male

17

13–39

5.0

2008 and 2009, all
bears, CB (pooled)

30

19–67

11.0

2008 and 2009, all
bears, LOB (pooled)

42

23–46

5.5

Year, study area, sex

a

Confidence intervals based on log-normal distribution (White et al. 2001).
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Table 10. Capture-recapture and spatial movement summary statistics to determine density of American black bears in Carvers Bay, South
Carolina, USA, 2008–2009.
Females 2008
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
2
2
2
3

2
1
3
1
0

3
2
3
0
0

Males 2008
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
1
1
1
4

2
1
2
1
0

3
1
2
0
1

Females 2009
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
2
2
2
3

2
1
2
0
0

Males 2009
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
2
2
2
6

2
4
5
3
2
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Sampling occasion
4
5
1
2
3
4
0
1
1
1
1,608 ± 148 m

6
3
4
0
1

7
3
4
0
0

8
4
6
2
0

4
5
3
1
4
4
2
0
0
0
5,020 ± 595 m

6
2
5
1
0

7
2
5
0
1

8
3
6
1
0

3
4
4
2
0

4
5
4
4
4
5
0
1
1
2
1,615 ± 136 m

6
3
6
1
0

7
2
6
0
0

8
5
7
1
1

3
2
6
1
4

4
5
2
3
7
9
1
2
0
0
3,511 ± 357 m

6
5
9
0
0

7
7
10
1
0

8
5
13
3
1

Table 11. Capture-recapture and spatial movement summary statistics to determine density of American black bears in Lewis Ocean Bay, South
Carolina, USA, 2008–2009.
Females 2008
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
2
2
2
8

2
4
5
3
1

3
4
8
3
1

Males 2008
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
5
5
5
5

2
10
11
6
11

3
7
12
1
12

Females 2009
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)
Average maximum distance moved ( d )

1
3
3
3
3

2
4
5
2
4

3
3
7
2
3

Males 2009
No. of bears caught (ni)
No. marked bears in population (Mi+1)
No. of bears caught (ui)
Capture frequencies (fi)

1
8
8
8
3

2
4
9
1
1

3
6
10
1
1

Sampling occasion
4
5
3
4
9
10
1
1
1
2
1,200 ± 214 m

6
4
10
0
0

7
4
11
1
1

8
9
14
3
0

4
5
8
8
13
14
1
1
13
14
2,706 ± 135 m

6
10
14
0
14

7
7
15
1
15

8
5
15
0
15

4
5
2
6
8
9
1
1
2
0
1,757 ± 337 m

6
3
10
1
0

7
2
11
1
0

8
5
12
1
0

6
6
11
0
1

7
7
12
1
2

8
5
12
0
1

4
9
11
1
1

5
5
11
0
2

2,696 ± 117 m

Average maximum distance moved ( d )
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Table 12. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
estimate American black bear population density in Carvers Bay, South Carolina, USA, 2008 and 2009.
Half-normal (HN) and hazard (HZ) detection functions were considered, both of which use independent
parameters for the probability of detection (g0) and for spatial scale ( ). The hazard function also
incorporates a shape parameter (b). All independent parameters were modeled for sex and year (yr),
whereas the probability of detection was also modeled as a function of behavioral responses (B).
Model
number

Model parameters

AICc

AICca

wi

Kb

1

HZ; g0(sex + yr), (sex + yr), b(sex + yr)

1,571

0.00

0.7311

16

2

HN; g0(sex + yr), (sex + yr)

1,573

2.00

0.2689

12

3

HN; g0(sex + yr + B), (sex + yr)

1,601

30.00

0.0000

16

4

HZ; g0(sex + yr + B), (sex + yr), b(sex + yr)

1,647

77.00

0.0000

20

a

Difference in AICc compared with lowest AICc model.
b
Number of model parameters including intercepts.
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Table 13. Summary of model selection procedures based on Akaike’s Information Criteria (AICc) to
estimate American black bear population density in Lewis Ocean Bay, South Carolina, USA, 2008 and
2009. Half-normal (HN) and hazard (HZ) detection functions were considered, both of which use
independent parameters for the probability of detection (g0) and for spatial scale ( ). The hazard function
also incorporates a shape parameter (b). All independent parameters were modeled for sex and year (yr),
whereas the probability of detection was also modeled as a function of behavioral responses (B) and a
linear time trend (TLin).
Model
number

a
b

Model parameters

AICc

AICca

wi

Kb

1

HN; g0(sex + yr + B), (sex + yr)

2,740

0.00

0.45

16

2

HZ; g0(sex + yr + B), (sex + yr), b(sex + yr)

2,742

2.00

0.18

20

3

HN; g0(sex + yr), (sex + yr)

2,742

2.00

0.18

16

4

HZ; g0(sex + yr), (sex + yr), b(sex + yr)

2,742

2.00

0.18

16

5

HN; g0(sex + yr + TLin), (sex + yr)

2,747

7.00

0.01

16

6

HZ; g0(sex + yr + TLin), (sex + yr), b(sex + yr)

2,750

10.00

0.00

20

Difference in AICc compared with lowest AICc model.
Number of model parameters including intercepts.
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Table 14. Model-averaged estimates of population density for female and male American black bears in
Carvers Bay (CB) and Lewis Ocean Bay (LOB), South Carolina, USA, 2008–2009.
Population density (bears/km2)

Standard error

2008, CB, female

0.027

0.012

2008, CB, male

0.005

0.003

2009, CB, female

0.030

0.012

2009, CB, male

0.012

0.005

2008, LOB, female

0.271

0.098

2008, LOB, male

0.104

0.030

2009, LOB, female

0.170

0.054

2009, LOB, male

0.069

0.025

2008 and 2009, all bears, CB
(pooled)

0.037

0.003

2008 and 2009, all bears, LOB
(pooled)

0.307

0.025

Year, study area, sex
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Table 15. Summary of model selection procedures based on Akaike’s Information Criteria (AIC) for
logistic regression models to determine landscape differences between Carvers Bay and Lewis Ocean Bay
for extrapolation of American black bear population density, coastal South Carolina, USA, 2008–2009.
Model fit was based on the Hosmer-Lemeshow goodness-of-fit test ( ² test and P- value). Model
discrimination was tested using the area under curve (AUC). Explanatory power of the model was
assessed using the maximum-rescaled R².
Model
number

²

Pvalue

AUC

R2b

0.00

4.92

0.77

0.99

0.90

50.10

18.57

10.73

0.22

0.97

0.77

LPI (4.5 km2), pine (0.3 km2),
pocosin (0.3 km2)

56.22

24.69

3.67

0.89

0.95

0.76

LPI (4.5 km2), pine (0.3 km2),
pocosin (4.5 km2)

100.27

68.74

6.47

0.60

0.83

0.38

39.67

8.14

0.91

0.99

0.98

0.87

50.04

18.58

7.70

0.46

0.97

0.80

52.08

20.62

7.15

0.52

0.97

0.79

53.23

21.77

7.32

0.50

0.96

0.79

Model parameters

AIC

1

LPI (4.5 km2), pine (4.5 km2),
pocosin (0.3 km2)

31.53

2

LPI (4.5 km2), pine (4.5 km2),
pocosin (4.5 km2)

3

4

5

6

7

8

LPI (4.5 km2), pine (4.5 km2),
pocosin (0.3 km2), minor Roads
(4.5 km2)c
LPI (4.5 km2), pine (4.5 km2),
pocosin (4.5 km2), minor Roads
(4.5 km2)c
LPI (4.5 km2), pine (4.5 km2),
pocosin (4.5 km2), minor Roads
(0.3 km2)c
LPI (4.5 km2), pine (0.3 km2),
pocosin (0.3 km2), minor Roads
(4.5 km2)c
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AICa

Table 15. (Continued).

Model
number
9

10

Model parameters
LPI (4.5 km2), pine (0.3 km2),
pocosin (0.3 km2), minor Roads
(0.3 km2)c
LPI (4.5 km2), pine (0.3 km2),
pocosin (4.5 km2), minor Roads
(4.5 km2)c

²

Pvalue

AUC

R2b

26.69

3.68

0.88

0.95

0.76

47.94

7.36

0.50

0.90

0.59

AIC

AICa

58.22

79.47

a

Difference in AIC compared with lowest AIC model.
Maximum-rescaled R².
c
Model contained statistically non-significant variables (P > 0.05).
b
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APPENDIX B: FIGURES
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Fig. 1. Study area locations to determine population abundance, density, and genetic structure
of American black bears in the upper coastal region of South Carolina, USA, 2008–2009.
Carvers Bay and the Lewis Ocean Bay Heritage Preserve were the primary sampling areas.
Additional sampling for genetic structure analysis was conducted in the Green Swamp area of
North Carolina. Confirmed locations of black bear sightings and incidents are shown by decade
for 1970–2009.
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Fig. 2. Carvers Bay study area and sampling locations used to determine abundance and genetic
structure of American black bears in Georgetown County, South Carolina, USA, 2008–2009.
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Fig. 3. Lewis Ocean Bay study area and sampling locations to determine abundance and genetic
structure of American black bears in Horry County, South Carolina, USA, 2008–2009.
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Fig. 4. Effective study areas for estimating American black bear density in Carvers Bay and
Lewis Ocean Bay, South Carolina, USA, 2008–2009.
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Fig. 5a. Potential American black bear density for the upper coastal region of South Carolina,
USA, 2008–2009. Population densities were extrapolated using weighted density estimates
based on DNA sampling in the Carvers Bay and Lewis Ocean Bay study areas.
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Fig. 5b. Potential American black bear density for the Francis Marion National Forest region,
South Carolina, USA, 2008–2009. Population densities were extrapolated using weighted
density estimates based on DNA sampling in the Carvers Bay and Lewis Ocean Bay study areas.
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Fig. 5c. Potential American black bear distribution and density for Williamsburg, Georgetown,
Florence, Marion, and Horry Counties, South Carolina, USA, 2008–2009. Population densities
were extrapolated using weighted density estimates based on DNA sampling in the Carvers Bay
and Lewis Ocean Bay study areas.
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Fig. 6. Line graph depicting the log likelihood (Ln P(D)) of 1 to 7 population clusters (K) based
on the genetic assignment of individual American black bears sampled at Carvers Bay and
Lewis Ocean Bay, South Carolina in 2008 and Green Swamp, North Carolina, USA in 2009.
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Fig. 7. Second-order rate of change in the likelihood distribution between successive K values
( k) based on the genetic assignment of individual American black bears sampled at Carvers
Bay and Lewis Ocean Bay, South Carolina, 2008 and Green Swamp, North Carolina, USA in
2009.
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Carvers Bay

Lewis Ocean Bay

Green Swamp

Fig. 8. Probability of assignment of American black bears to populations in Carvers Bay and
Lewis Ocean Bay, South Carolina and Green Swamp, North Carolina, USA, 2008–2009. Each
bar represents an individual genotype’s probability of assignment into population cluster 1
(green, representing Carvers Bay) or population cluster 2 (red, representing Lewis Ocean Bay).
Individual genotypes 1–7 were sampled at Carvers Bay, whereas genotypes 8–23 were sampled
at Lewis Ocean Bay, and genotypes 24–34 were sampled at Green Swamp. Assignment
probabilities were calculated using Program STRUCTURE.
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Fig. 9. Potential American black bear density for the upper coastal region of South Carolina,
USA, 2008–2009 and confirmed black bear contacts (e.g., sightings, vehicle collisions, nuisance
incidents) for the upper coastal region of South Carolina, 1970–2009. Population densities were
extrapolated using weighted density estimates based on DNA sampling in the Carvers Bay and
Lewis Ocean Bay study areas.
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APPENDIX C: LAND-COVER CLASSES

94

Table C1. Reclassification of Southeastern Gap Analysis Project land-cover data (U.S. Geological Survey 2008) for GIS analysis to extrapolate American black
bear density estimates to the coastal region of South Carolina, USA, 2008–2009.
Reclassification
category

Reclassified class name

Open Water (Fresh)

1

Water, beach, sand, gravel pit/mine

Open Water (Brackish/Salt)

1

Water, beach, sand, gravel pit/mine

Atlantic Coastal Plain Sea Island Beach

1

Water, beach, sand, gravel pit/mine

Bare Sand

1

Water, beach, sand, gravel pit/mine

Bare Soil

1

Water, beach, sand, gravel pit/mine

Quarry/Strip Mine/Gravel Pit

1

Water, beach, sand, gravel pit/mine

Unconsolidated Shore (Lake/River/Pond)

1

Water, beach, sand, gravel pit/mine

Unconsolidated Shore (Beach/Dune)

1

Water, beach, sand, gravel pit/mine

Developed Open Space

2

Developed

Low Intensity Developed

2

Developed

Medium Intensity Developed

2

Developed

High Intensity Developed

2

Developed

Land-cover class
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Table C1. (Continued).
Reclassification
category

Reclassified class name

Deciduous Plantations

3

Oak dominated

Atlantic Coastal Plain Dry and Dry-Mesic Oak Forest

3

Oak dominated

Atlantic Coastal Plain Mesic Hardwood and Mixed Forest

3

Oak dominated

East Gulf Coastal Plain Southern Mesic Slope Forest

3

Oak dominated

Southern Coastal Plain Dry Upland Hardwood Forest

3

Oak dominated

Atlantic Coastal Plain Central Maritime Forest

3

Oak dominated

Atlantic Coastal Plain Southern Maritime Forest

3

Oak dominated

Southern Coastal Plain Oak Dome and Hammock

3

Oak dominated

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine
Woodland - Offsite Hardwood Modifier

4

Pine

Evergreen Plantations or Managed Pine (can include dense
successional regrowth)

4

Pine

Atlantic Coastal Plain Fall-Line Sandhills Longleaf Pine
Woodland - Loblolly Modifier

4

Pine

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine
Woodland - Open Understory Modifier

4

Pine

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine
Woodland - Scrub/Shrub Understory Modifier

4

Pine

Land-cover class
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Table C1. (Continued).
Reclassification
category

Reclassified class name

Atlantic Coastal Plain Upland Longleaf Pine Woodland

4

Pine

Central Atlantic Coastal Plain Wet Longleaf Pine Savanna and
Flatwoods

4

Pine

Atlantic Coastal Plain Southern Wet Pine Savanna and
Flatwoods

4

Pine

East Gulf Coastal Plain Near-Coast Pine Flatwoods - Open
Understory Modifier

4

Pine

Florida Peninsula Inland Scrub

5

Row crop, clearcut, shrub/scrub, <6 year old regeneration

Successional Shrub/Scrub (Clear Cut)

5

Row crop, clearcut, shrub/scrub, <6 year old regeneration

Successional Shrub/Scrub (Utility Swath)

5

Row crop, clearcut, shrub/scrub, <6 year old regeneration

Successional Shrub/Scrub (Other)

5

Row crop/ pasture, clearcut, shrub/scrub, <6 year old regeneration

Atlantic Coastal Plain Southern Dune and Maritime Grassland

5

Row crop/ pasture, clearcut, shrub/scrub, <6 year old regeneration

Clearcut - Grassland/Herbaceous

5

Row crop/ pasture, clearcut, shrub/scrub, <6 year old regeneration

Other - Herbaceous

5

Row crop/ pasture , clearcut, shrub/scrub, <6 year old regeneration

Pasture/Hay

5

Row crop/ pasture, clearcut, shrub/scrub, <6 year old regeneration

Land-cover class
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Table C1. (Continued).
Reclassification
category

Reclassified class name

Row Crop

5

Row crop/ pasture, clearcut, shrub/scrub, <6 year old regeneration

Atlantic Coastal Plain Blackwater Stream Floodplain Forest Forest Modifier

6

Hardwood flooded Swamp

Atlantic Coastal Plain Brownwater Stream Floodplain Forest

6

Hardwood flooded swamp

Atlantic Coastal Plain Small Blackwater River Floodplain Forest

6

Hardwood flooded swamp

Atlantic Coastal Plain Small Brownwater River Floodplain
Forest

6

Hardwood flooded swamp

South-Central Interior Small Stream and Riparian

6

Hardwood flooded swamp

Mississippi River Riparian Forest

6

Hardwood flooded swamp

Atlantic Coastal Plain Nonriverine Swamp and Wet Hardwood
Forest - Taxodium/Nyssa Modifier

6

Hardwood flooded swamp

Atlantic Coastal Plain Nonriverine Swamp and Wet Hardwood
Forest - Oak Dominated Modifier

6

Hardwood flooded swamp

South-Central Interior/Upper Coastal Plain Wet Flatwoods

6

Hardwood flooded swamp

Southern Coastal Plain Hydric Hammock

6

Hardwood flooded swamp

Southern Coastal Plain Nonriverine Cypress Dome

6

Hardwood flooded swamp

Land-cover class
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Table C1. (Continued).
Reclassification
category

Reclassified class name

Atlantic Coastal Plain Southern Tidal Wooded Swamp

6

Hardwood flooded swamp

Atlantic Coastal Plain Clay-Based Carolina Bay Forested
Wetland

7

Carolina bay, pocosin, seepage swamp

Atlantic Coastal Plain Peatland Pocosin

7

Carolina bay, pocosin, seepage swamp

Atlantic Coastal Plain Streamhead Seepage Swamp, Pocosin,
and Baygall

7

Carolina bay, pocosin, seepage swamp

Southern Coastal Plain Nonriverine Basin Swamp

7

Carolina bay, pocosin, seepage swamp

Southern Coastal Plain Seepage Swamp and Baygall

7

Carolina bay, pocosin, seepage swamp

Atlantic Coastal Plain Central Fresh-Oligohaline Tidal Marsh

8

Marsh, herbaceous wetland

Florida Big Bend Fresh-Oligohaline Tidal Marsh

8

Marsh, herbaceous wetland

Atlantic Coastal Plain Clay-Based Carolina Bay Herbaceous
Wetland

8

Marsh, herbaceous wetland

Land-cover class
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